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Abstract The Kutch Basin of western India is famous for its rich assemblages of the 
Callovian-Oxfordian ammonites. The family Oppelidae Douvillé is the second most diverse 
ammonite group after perisphinctids during the Middle-Upper Jurassic. Hecticoceratinae is 
the most diverse subfamily within Oppelidae and has wide palaeobiogeographic (near cos-
mopolitan) and temporal distributions (Bathonian-Oxfordian). Some species were well time-
diagnostic and thus help in interprovincial correlation. The taxonomy of the subfamily Hec-
ticoceratinae of Kutch was in a state of flux until recently. It was not revised since Spath’s
(1927-1933) great contribution. Many genera and species were morphogenera or morphos-
pecies and they again suffer from excessive subjective splitting. It was therefore badly needed 
for a comprehensive taxonomic revision of the subfamily with modern aspects of systematics 
i.e., sexual dimorphism and population dynamics. A lithostratigraphic framework has already 
been well documented in the Kutch Basin of western India. A high resolution biostratigraphy 
incorporating stage-intrastage fossil assemblages have been used in interbasinal correlation 
based on the Callovian-Oxfordian hecticoceratins. Near cosmopolitan distribution of many 
hecticoceratin genera were widely used for biostratigraphic zonation as well as an understand-
ing of the palaeobiogeographic pattern. The phylogeny of the subfamily Hecticoceratinae has 
been used to construct the cladograms depicting area relationships among different provinces 
during the Callovian-Oxfordian.
Key words Kutch, India, Hecticoceratinae, ammonite, Callovian, Oxfordian, biostratigra-
phy, palaeobiogeography
1 Introduction *
The Oppelidae are the second most diverse ammonite 
groups after perisphinctids during the Middle-Upper 
Jurassic. Hecticoceratinae is the most diverse subfam-
ily within oppelids and has a wide palaeobiogeograph-
ic and temporal distributions. It is taxonomically well 
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studied in the Mediterranean (Elmi, 1967). This sub-
family is known mostly by macroconchs only, although 
dimorphism has long been recognized (Zeiss, 1956). 
Elmi (1967) recognized microconchiate groups within 
Hecticoceratinae but did not establish dimorphic pairs 
at generic level. In one case, he recognized dimorphism 
within a genus i.e., Brightia s. st. (microconch) and 
Brightia (macroconch), and showed separate evolution-
ary lineages for each. 
Hecticoceras Bonarelli is the type genus of the sub-
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family Hecticoceratinae. It has stratigraphic importance 
and is widely used to demarcate subzones and horizons. 
H. (Chanasia) michalski Lewinsky, H. boginense Petit-
clerc, H. proximum Elmi and H. (Ch.) turgidum (Loc-
zy) are used as zonal indices for the Michalski, Bogin-
ense, Proximum and Turgidum horizons respectively in 
the Subtethyan Province of Europe (Cariou, 1984). In 
Kutch, Hecticoceratinae is represented by eight genera 
ranging from the Middle Bathonian to Lower Oxfordian 
(see Spath, 1927-1933 and present study). The genus 
Hecticoceras is represented by two species H. giganteum
Spath and H. aff. turgidum Loczy which are now syn-
onymised under H. giganteum, which ranges from the 
top of the Lower to basal Middle Callovian in Kutch (see 
Roy and Bardhan, 2007). I have also addressed sexual 
dimorphism within Hecticoceras giganteum based on 
additional topotypes and other materials along with type 
specimens. The nature of sexual dimorphism appears to 
be differing from that of Oppelinae and Prohecticoceras.
The microconch is less strongly ornamented and lack 
primaries on the body chamber (Roy et al., 2007). Thus 
it comes close to Jeanneticeras Zeiss, a microconchiate 
genus described by Elmi (1967) within the Hecticocer-
atinae. Within the scope of the present work, the taxo-
nomic revision has been done for the Hecticoceratinae 
of Lower Callovian to Oxfordian of Kutch. Eleven bio-
logical species have been described under six genera and 
sexual antidimorphs are paired within the genera Khe-
raites Spath, Putealiceras Buckman, Sublunuloceras 
Spath and Brightia Rollier. Kheraites crassefalcatum
and K. igobilis have been paired as sexual antidimorphs; 
Putealiceras bisulcatum a smaller variant with a tricari-
nate venter has now been paired with Putealiceras tri-
lineatum. Sexual dimorphism has also been established 
within P. intermedium [male and female] and P. vijaya 
[male and female]. Pseudobrightia dhosaensis an exclu-
sive Lower Oxfordian genus described earlier by Spath 
(1927-1933) has now been redesignated as Puteali-
ceras dhosaense. Sublunuloceras discoides Spath, an 
Upper Callovian hecticoceratin described by Spath 
(1927-1933) with wide variation in size, I have some 
recognized smaller variants with a lappet now, so sexual 
dimorphism have also been addressed. A new species, 
Brightia callomoni has been described from the Upper 
Callovian-Oxfordian of Kutch, which is identical with 
Spath’s Brghtia sp. ind. and sexual antidimorphs are rec-
ognized. With these revised taxonomic data high resolu-
tion biostratigraphy has been addressed and palaeobio-
geographic patterns have been analyzed using Brooks 
Parsimony Analysis (Brooks, 1985, 1990; Wiley, 1988a, 
1988b; Wiley et al., 1991) on the basis of the phylogeny 
of the subfamily Hecticoceratinae.
2 Geological setting
The Kutch Basin opened up with the initial fragmenta-
tion of Gondwana during the Middle Jurassic and sedi-
mentation began soon due to repeated transgression and 
regression events (Biswas, 1977). The Jurassic rocks of 
Kutch range in age from Bajocian to Tithonian and cover 
nearly half of the area of Kutch, including both the main-
land and three ‘islands’ separated by an intervening ex-
panse of salt-flat known locally as the Rann (Figure 1). 
The regional structure consists of three parallel, NW-SE 
trending anticlines. The Jurassic rocks are best developed 
in the central anticline (Wynne, 1872; Rajnath, 1932), 
situated towards the north of the mainland. These anti-
clines are superimposed by a set of zones of culmination 
that crop out as topographical domes, as at Jara, Jumara, 
Keera and Jhura, which contain the world famous Callo-
vian sequence. The domal outcrops are disturbed by Dec-
can Trap intrusions and their northern flanks are truncated 
by an east-west trending fault. The major lithostrati-
graphic units in ascending order are the Patcham, Chari, 
Katrol and Bhuj Formations (Mitra, et al., 1979; Krishna, 
1984). Among these, the Patcham and Chari Formations 
are present as inliers and are surrounded by the younger 
Katrol Formation. Despite frequent spatiotemporal facies 
changes, ammonites are abundant in these two older for-
mations (Jana et al., 2005). 
The specimens of the present study have been collect-
ed from the Jara, Jumara and Keera sections of the Chari 
Formation. Detailed lithostratigraphic successions of each 
section, along with the vertical distribution of the major 
ammonite species are shown in Jana et al., (2005, figures 
3-5). Significant sedimentological works and detailed fa-
cies analyses are now available (Datta, 1992; Fürsich and 
Oschmann, 1993; Fürsich et al., 1994). The Chari Forma-
tion is represented by a heterolithic facies association con-
sisting of shale, limestone and sandstone deposited in a 
mid-shelf environment. The Lower Callovian part of this 
formation is dominated by shale-limestone (packstone/
wackestone) alternations while the base of the Middle 
Callovian consists of siliciclastics. 
Hecticoceratin ammonites are distributed throughout 
the Patcham and Chari Formations spanning the Middle 
Bathonian to Oxfordian (see Spath, 1927-1933; Kanjilal, 
1980; and Figure 2, Roy, pers. obs.).
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3 Systematic palaeontology
3.1 Repository
The specimens studied in the present work are reposited 
in the following institutions:
1) Department of Geology, Durgapur Government Col-
lege, Durgapur, West Bengal, India.
2) Geological Survey of India, Kolkata.
3.2 Abbreviations and symbols
The following abbreviations and symbols are used in 
the present study:
D = diameter of shell
H = height of whorl from umbilical margin
U = diameter of umbilicus
W = width of whorl
GSI = Geological Survey of India
JUM = Jadavpur University Museum
[M] = macroconch
[m] = microconch
* = asterisks against items in synonymies and measure-
Figure 1 Geological map of Kutch, western India, with the geographic location of the study area.
Figure 2 Ornamentation in the Subfamily Hecticoceratinae. 1-
Peristome margin; 2-Crenulated keel; 3-Ventro-lateral tubercle; 
4-Solitary rib; 5-Intercalatory rib; 6-Secondary rib; 7-Primary
rib; 8-Reduced secondary rib; 9-Smooth inner flank.
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ments to indicate type specimens
ap. = aperture
b.c. = body chamber
E. Ph. = end-phragmocone
i.w. = inner whorl
Ph. = phragmocone
x = cross-marks in the plates indicate the position of 
adult end-phragmocone.
3.3 Systematic palaeontology
Superfamily Haploceratacea Zittel, 1884
Family Oppelidae Douvillé, 1890
Subfamily Hecticoceratinae Spath, 1925
1) Genus Hecticoceras
Type Species Hecticoceras hecticum (Reinecke, 1818)
Hecticoceras giganteum Spath, 1927-1933
1875 Harpoceras hecticum (Reinecke) Waagen; pars, 
p. 61, pl. 12, figures 3-5.
1893 Hecticoceras hecticum (Reinecke) Bonarelli; 
pars, pp. 78, 83.
1928 Hecticoceras giganteum Spath; p. 104, pl. 16, 
figure 5.
1928 Hecticoceras aff. turgidum Loczy, Spath; pars, 
p. 105, pl. 16, figure 4.
Comments: The genus Hecticoceras was earlier rep-
resented by two species H. giganteum Spath and H. aff. 
turgidum Loczy. Roy and Bardhan (2007) synonymized 
them under H. giganteum which ranges from the top of 
the Lower to basal Middle Callovian in Kutch. They had 
also addressed sexual dimorphism within Hecticoceras gi-
ganteum based on additional topotypes and other materi-
als along with the type specimens. The nature of sexual 
dimorphism appears to be different from that of Oppeli-
nae and Prohecticoceras. Microconch is less strongly or-
namented and lack primaries on the body chamber. Thus 
it comes close to Jeanneticeras Zeiss, a microconchiate 
genus described by Elmi (1967) within Hecticoceratinae.
2) Genus Kheraites Spath, 1927-1933
Type species Harpoceras crassefalcatum Waagen, 1875
Kheraites ignobilis (J. de. C. Sowerby)
Figure 3A-3L, Figure 4A-4K, Table 1
1840 Ammonites ignobile, J. de C. Sowerby, in Grant, 
pp. 297, 329, pl. 23, figure 11
1875 Harpoceras crassefalcatum, Waagen, p. 70, 
pl. 12, figures 6a, 7.
1875 Harpoceras ignobile, Waagen (J. de C. Sower-
by), p. 69, pl. 12, figures la, 2a, 2b only.
1884 Harpoceras crassefalcatum,Waagen, Teisseyre, 
p. 547.
1885 Ludwigia crassefalcata, (Waagen) Haug, p. 692
1987 Harpoceras crassefalcata, Waagen; Noetling, 
p. 22
1902 Ammonites ignobilis, J. de C. Sowerby; Blake, 
p. 35.
1912 Harpoceras ignobile (non Sowerby ?) Smith, 
p. 1352.
1913 Harpoceras ignobile (non Sowerby ?) Smith, 
(c), p. 423.
Table 1 Materials and dimensions of Kheraites ignobilis (J. de C. Sowerby)
Specimen No. D U W H Locality and Horizon
GSI Type *1933 [M] b.c. 87.50 22.50 22.20 37.90 Keera, Anceps
*1934 [M] Ph. 51.50 12.50 15.00 26.50 Keera, Anceps
*1939 [m] b.c. 66.50 17.50 22.00 30.00 Keera, Anceps
K/10 [M] Ph. 74.30 15.50 21.10 38.40 Keera bed 11
K/11 [M] E. Ph. 76.30 12.50 20.50 41.20 Jara bed 4
K/13 [M] E. Ph. 67.00 17.00 20.00 32.50 Jumara bed 10
K/14 [M] - 79.10 18.00 22.50 35.00 -
K/15 [M] E. ph. 56.70 13.90 27.90 Jumara bed 8
K/16 [M]  Ph. 65.00 15.00 31.50 Keera bed 5
K/17 [M] Ph. 44.50 23.00 15.50 22.00 Jara bed 2
K/18 [M] Ph. 41.50 14.00 11.50 21.00 Jara bed 2
K/19 [M] Ph. 49.50 9.50 18.50 27.00 Jumara bed 9
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1913 Harpoceras crassefalcatum, Waagen; Smith, 
(c), p. 423
1925 Kheraites crassefalcatum, Spath, (b), p. 8.
1928 Kheraites crassefalcatum, Spath, p. 107.
1928 Kheraites smithi, Spath, p. 108, pl. 16, figure 9.
1928. Kheraites ignobilis, (J. de C. Sowerby) Spath,
pl. 15, figure 2.
Description [M]: Adult shell medium sized (D = 88 
mm, GSI Type no. 1933; pl. 3, figure A-C) with adult 
phragmocone diameter ranging from 60 mm to 75 mm. 
Shell is fairly evolute (U/D = 0.21 to 0.51), compressed 
(W/H = 0.55 to 0.70); whorl section elliptical with round-
ed venter.
Early whorls are smooth up to a diameter of 10 mm, 
evolute with compressed whorl section (W/H = 0.69 - 
0.70). Later whorls exhibit coarse ribbing at the ventro-
lateral margin. These secondaries may continue up to the 
umbilical margin. Primaries become stronger at the early 
phragmocone (D = 30 mm) and are also weakly prorsiradi-
ate. They bifurcate at one-third whorl height and form bul-
lae at the furcation point. Weakly rursiradiate secondaries 
originating from these furcation points continue up to the 
ventro-lateral and form weak forward projections at the 
termination point. Occasional intercalatories or solitaries 
may be present in between the secondaries. With ontog-
eny, primaries become faint or disappear and the furcation 
point gradually shifts towards the mid flank (see Figure 
3A-3C). Secondaries are flattened, coarse and concave 
towards the aperture and form clavi or projected bullae at 
the ventro-lateral margin. Spacing between secondaries 
gradually increases with growth. At the end of the phrag-
mocone the inner flank is completely smooth (Figure 3A-
3C), secondaries become more distant also lose strength; 
effaced clavi or bullae are only present near the ventro-
lateral margin.
Umbilicus is wide at the early stage of growth (U/D 
= 0.3) and at the phragmocone stage it become narrower 
(U/D = 0.22); at the end phragmocone or in body chamber 
it remains wider (U/D = 0.33) due to uncoiling of the body 
whorl.
The whorl section remains compressed throughout on-
togeny, although the keel was not as prominent over the 
rounded venter in early ontogeny. In latter phragmocone 
the venter is weakly fastigate to flat with a raised keel at 
the siphonal area and on the body chamber the venter be-
comes rounded with faint trace of keel (Figure 3E).
Description [m]: The shell is small, maximum meas-
ured diameter being 66 mm (GSI Type 1939). The adult 
phragmocone diameter varies from 25 mm to 35 mm. 
Shell is evolute (U/D = 0.27 - 0.31), with subtrapezoidal 
whorl section (W/H = 0.72 - 0.84) and ornamented with 
falcoid strong ribs.
Primary ribs appear at the umbilical margin after an ini-
tial smooth stage 8-10 mm; although some variants show 
umbilical tubercles below 10 mm diameter (Spath’s K. var-
icosus). Primaries at early whorls are strongly prorsiradiate 
and form weak tubercles just near the umbilical margin. In 
inner whorls, these tubercles are at the point of bifurcation; 
secondaries thus are sharp, rectiradiate to weakly rursiradi-
ate and terminate at the ventro-lateral margin by forming 
tubercles. In the phragmocone the furcation points become 
shifted towards the one-third whorl height and tuberculate 
primaries become elongated bullae. Secondaries become 
Specimen No. D U W H Locality and Horizon
K/20 [M] Ph. 41.00 20.50 13.50 19.50 Jara bed 2
K/21 [M] E. Ph. 51.50 12.50 14.50 25.50 Keera bed 7
K/22 [M] - 57.50 16.50 17.50 31.00 -
K/1 [m] b.c. 40.00 12.00 13.00 16.00 Jumara bed 10
K/2 [m] b.c. 41.00 11.00 19.00
K/3 [m] E. Ph. 32.50 10.00 8.00 9.50 Jumara bed 8
K/4 [m] b.c. 37.50 11.00 13.50 16.50 Jara bed 4
K/5 [m] b.c. 46.50 8.00 15.50 21.50 Keera bed 7
K/7 [m] b.c. 50.00 15.00 17.00 22.00 Jumara bed 9
K/8 [m] b.c. 38.50 10.50 12.00 17.50 Jara bed 2
K/9 [m] b.c. 48.00 15.00 16.00 20.00 Jumara bed 11
Table 1, continued
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relatively blunt, concave towards the aperture and form 
clavi at the termination point at the ventro-lateral margin. 
At the adult phragmocone the primaries are strongly pror-
siradiate or shifted away from their origin from the umbili-
cal margin and become blunt. Secondaries become distant, 
blunt and weakly concave towards the aperture and they 
terminate at the ventro-lateral margin forming clavi which 
are projected towards the direction of growth. Irregular 
solitaries are present at the body chamber.
Venter is weakly fastigate to flat with a mid-ventral keel 
throughout ontogeny. In one variant the venter becomes 
wavy in the last part of the body chamber; it may be due to 
the projected termination of the secondaries at the ventro-
lateral margin or may be due to abrasion of the shell; only 
a preservational artifact.
Umbilicus is wide (U/D = 0.31) in all stages of growth, 
with an inclined umbilical wall and no prominent margin. 
Though, in some variants the umbilicus is relatively nar-
row at the body chamber (Figure 4C-4F).
Discussion: Waagen (1875) described nine specimens 
under Harpoceras ignobile J. de. C. Sowerby and two 
specimens under H. crassefalcatum. Spath (1927-1933)
redescribed H. crassefalcatum as Kheraites crassefalca-
tum and also designated K. crassefalcatum as the geno-
type. Spath (1927-1933) split Waagen’s H. ignobile into 
K. smithi and K. ignobile on the basis of distant ribbing, 
greater whorl thickness and loss of keel in larger diameter. 
Spath (1927-1933) included the larger of Waagen’s H. ig-
nobile into K. smithi, although a faint keel continues in the 
body chamber fragment as evident from the study of the 
type specimen (GSI Type 15989). Study of type specimens 
in the repository of the Geological Survey of India, Kol-
kata along with additional collection, reveals that ribbing 
patterns shows continuous variation during ontogeny. As 
stated by Waagen (1875) both of these species have similar 
ornamentation up to 50 mm. All three species mentioned 
above have an initial smooth stage up to 10-15 mm di-
ameter. K. crassefalcatum as described by Waagen (1875), 
and later by Spath (1927-1933), is smaller in size (Waa-
gen’s two specimens show the beginning of body chamber 
at 50 mm and 66 mm diameter respectively) and strong 
ornamentation continues to the end. On the other hand K.
ignobile has similar ornamentation and morphology up 
to 55 mm diameter as in K. crassefalcatum, although the 
body chamber (D = 88 mm) of K. ignobilis shows disap-
pearance of tubercles, rounding of whorls and an incipient 
keel. All the characteristics of larger diameter are macro-
conchiate characters; so K. crassefalcatum is the micro-
conchiate counterpart of macroconchiate K. smithi — the
larger specimen of H. ignobile Waagen (1875). Spath 
(1927-1933) included Waagen’s two smaller specimens 
with Sowerby’s K. ignobilis due to sigmoidal ribbing in 
early phragmocones and continuation of the keel till to the 
end. On the other hand, Spath (1927-1933) was hesitant 
to include the above two specimens of Waagen into K. ig-
nobilis due to “less straight and blunter ribbing”. The pre-
sent collection also shows continuous variation between 
slightly sigmoidal ribbing and less straight ribbing. All 
Table 2 Materials and dimensions of Putealiceras trilineatum (Waagen)
Specimen No. D U W H Locality and Horizon
GSI Type *1944 [m] b.c. 42.00 16.00 13.50 19.30 Keera, Below Dhosa oolite
*15992 Ph. - - 12.00 17.00 Fakirwadi, Athleta
*15999 [m] b.c. - - 20.00 24.50 Samatra, Athleta
P/4 [M] E. Ph. 85.50 23.10 22.90 37.50 Medisa bed 14
P/5 [m] b.c. 55.90 24.50 18.00 21.00 Jara bed 7
P/6 [M] b.c. 94.00 35.50 23.50 37.50 Jara bed 8
P/7 [M] E. Ph. 97.50 40.00 22.50 35.00 Jara bed 7
P/8 [M] b.c. 72.00 22.00 20.00 31.50 Jumara bed 13
P/9 [M] b.c. 81.00 28.50 19.50 34.00 Jumara bed 12
P/10 [M] - 72.00 23.00 19.50 30.50 Bajira bed 11
P/11 [m] b.c. 57.00 20.50 19.50 23.00 Jara bed 7
P/12 [M] b.c. 43.50 11.50 14.00 17.00 -
P/14 [M] Ph. 33.00 10.00 10.00 15.00 Samatra bed 13
P/22 [M] b.c. 43.00 17.00 15.00 17.00 Jara bed 7
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these suggest that K. smithi and K. ignobilis are the same 
species and represent a different ontogeny. So all the three 
species of Spath are grouped here into a single species, K.
ignobilis, and the name is retained due to page priority of 
Waagen’s (1875) description.
K. varicosus described by Spath (1927-1933) is only a 
small body chamber fragment from the same horizon and 
locality as the present species. It has umbilical tubercles 
at an early stage of growth that is more or less similar de-
velopment as in K. crassefalcatum of Spath (1927-1933);
so it has also been included as a microconchiate variant of 
K. ignobilis.
Spath’s (1927-1933) K. ferrugineus shows similar dis-
tant, course, alternate long and short ribbing as in K. vari-
cosus and it differs by having smooth inner whorls up to 10 
mm diameter. On the other hand, it shows similar ornamen-
tation as in K. crassefalcatum but it has an acute periphery 
unlike the latter; although the keel is more prominent in 
the outer whorls as found in the true microconchs of K. 
ignoblis.
3) Genus Putealiceras Buckman, 1922
Type species Ammonite putealis Leckenby, 1859
i. Putealiceras trilineatum (Waagen)
Figure  5A-5K, Figure 6A-6G, Table 2
1875 Harpoceras trilineatum Waagen, p. 71, pl. 13, 
figure 2a, 2b.
1885 Ludwigia trilineata (Waagen) Haug, p. 692.
1887 Harpoceras trilineatum, Waagen, Noetling, 
p. 22.
1924 Hecticoceras? trilineatum (Waagen); Spath, 
p. 5.
1924 Hecticoceras? trilineatum (Waagen); Spath, 
p. 24 (No. 121 only)
1925 Putealiceras trilineatum (Waagen); Spath, p. 9.
1928 Putealiceras trilineatum (Waagen); Spath, 
p. 110, pl. 12, figures 2a-2c, 10, pl. 17, figure 10.
1928 Putealiceras bisulcatum, Spath, p. 114, pl. 11, 
figure 12a, 12b; pl. 16, figure 8a-8f.
1956 H. (P.). trilineatum (Waagen), Zeiss, p. 77, 
pl. 3, figures 1, 2.
Description [M]: Shell evolute (U/D = 0.27 - 0.41), 
discoidal, large maximum diameter of partly preserved 
body whorl is 97.5 mm. Shell smooth up to diameter of 
5 mm; afterwards strong rectiradiate primaries appear at 
the umbilical wall and form thick bullae at the furcation 
point near the umbilical margin. Secondaries are sharp, 
closely spaced and weakly falcoid to rectiradiate in nature. 
Secondaries go to the ventro-lateral margin and form elon-
gated bullae which are projected towards the aperture. In 
early phragmocone (D = 50 mm) whorl height and width 
are nearly equal, although the whorl becomes higher than 
width during growth (W/H = 0.68 at D = 97 mm). In later 
phragmocone primaries become thicker and form bullae 
at the furcation point and still rectiradiate. Secondaries at 
the same stage of growth are still sharp, weakly falcoid to 
rectiradiate and the furcation point lies near the umbili-
cal margin. Primaries become weaker or incipient in end 
phragmocone and in body chamber, although, weakly fal-
coid ribbing is still present and is blunt and distant. Sec-
ondaries at the end phragmocone are projected towards the 
aperture over the ventro-lateral margin. Strength of ribbing 
diminishes at the body chamber or the ribs become flat-
tened.
In the early stage (D = 10 mm) the venter is rounded 
or weakly fastigate with the median keel accompanied by 
two faint auxlliary keels on both sides of the median keel. 
However, this tricarination may not be distinctly present in 
all growth stages as well as in all variants; e.g., in the GSI 
type 15992 the venter is distinctly unicarinate. The ven-
ter becomes broad in endphragmocone and the tricarinate 
continues into the body chamber (Figure 6F-6H), how-
ever, this tricarination is not present in the internal mould 
(Figure 6A-6E).
Umbilicus strongly wide (U/D = 0.3 to 0.41) all 
throughout ontogeny; umbilical wall rounded without any 
well defined margin. On adult body chamber the umbilical 
wall is steeper.
Description [m]: Shell stout, strongly evolute (U/D = 
0.36 to 0.44) and adult phragmocone diameter ranges from 
15 mm to 43 mm. Earliest whorls are smooth up to 5 mm 
diameter, after that the whorls are closely spaced, strong, 
rectiradiate primaries appear at the umbilical wall and be-
come thicker at the furcation point near the umbilical mar-
gin. Secondaries are also rectiradiate to weakly falcoid in 
nature and go up to the ventro-lateral margin where they 
form bullae, which are projected towards the aperture. 
There are some occasional solitaries and intercalatories 
present and the number of primaries and secondaries per 
half whorl is 10 and 14 respectively at 10 mm diameter. 
Primaries become coarser but still closely spaced and rec-
tiradiate in the later phragmocone; they form elongated 
bullae at the furcation point. Secondaries are also rectira-
diate but projected forward over the ventro-lateral margin 
and terminate near the auxiliary careena on the venter. The 
ornamentation continues up to the endphragmocone stage; 
after that primaries become less distinct and comparatively 
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blunt and their origin shifts towards the umbilical margin. 
Venter broadly rounded with mid ventral keel accom-
panied by two faint auxiliary keels on either side of it at 
10 mm diameter. In adult phragmocone the venter is also 
tricarinate with elevated mid ventral careena and more 
prominent auxiliary careena over an almost flat venter. 
Formation of two careena on either side of the mid ventral 
keel forms a sulcus along the venter on either sides of the 
keel. As the microconchs have a more tabulate venter than 
the macroconchs; the venter seems to be bisulcate. This 
tricarination continues up to the preserved body chamber.
Umbilicus is always wide (U/D = 0.36 to 0.44); wall 
rounded with no prominent margin. At the last stage of the 
adult body chamber, the umbilical wall is steeper, although 
the margin is still not prominent.
Discussion: Waagen (1875) compared the present spe-
cies with Kheraites crassefalcatum, but the similarities 
confined only to the outer whorls, where coarse ribbing 
appears but the keel becomes almost effaced.
P. vijaya described by Spath (1927-1933, pl. 11, fig-
ure 7) is more evolute than P. trilineatum (pl. 12, figure 
1) and inner whorls of P. vijaya are more coarsely ribbed 
than P. trilineatum. P. vijaya attains a tabulate periphery at 
the body chamber whereas P. trilineatum retains a fastigate 
periphery still at a larger diameter. 
Young of P. intermedium var. samatrense has similar 
straight ribbing as in P. trilineatum, but it has wider um-
bilicus.
In P. pseudodynastes as described by Spath (1927-
1933, pl. 14, figure 5), the inner whorls have similar rec-
tiradiate ribbing as in P. trilineatum, and in this respect, 
Spath, 1927-1933 also intended to include P. trilineatum;
therefore I preferred it to be synonymized under the mac-
roconch of P. trilineatum.
According to Spath (1927-1933) one of the specimens 
of P. bisulcatum (pl. 11, figure 12a, 12b) is indistinguish-
able from P. trilineatum, except P. bisulcatum has finer, 
closer and more curved ribs whereas P. trilineatum is more 
compressed and has more coarsely ribbed inner whorls. 
But some variants of P. bisulcatum show coarse ornamen-
tation and trilineate tabulate periphery. The specimens of 
P. bisulcatum described by Spath (1927-1933) are body 
chamber fragments; I have some small complete speci-
mens which show similar ornamentation at early whorls 
with P. trilineatum and P. bisulcatum like ornamentation at 
late stage of growth. So, I prefer to include P. bisulcatum 
of Spath (1927-1933) within the microconch of P. trilin-
eatum.
Zeiss’s species (1956) from Jason Zone of Blumberg, 
Germany are relatively evolute and have strong ribbing, 
but it still has rectiradiate costation like the Kutch species.
ii. Putealiceras intermedium Spath
Figure 6H-6N, Figure 7A-7K, Table 3
1875 Harpoceras dynastes Waagen, pars, p. 66, 
pl. 13, figures 7, 8 only.
1924 Hecticoceras? lairense, Waagen; Spath, 
p. 24 (Nos. 122,124-25).
1928 Putealiceras intermedium, Spath, p. 112, 
pl. 11, figure 9a, 9b, pl. 12, figure 9a, 9b, 
pl. 14, figure 4
Description [M]: Shell is large, adult phragmocone di-
ameter ranges from 64 mm to 100 mm. Shell is relatively 
evolute (U/D = 0.31 to 0.36), compressed (W/H = 0.71 to 
Table 3 Materials and dimensions of Putealiceras intermedium Spath
Specimen No. D U W H Locality and Horizon
GSI Type *15995 Ph. 51.00 12.00 14.00 24.50 Athleta bed
GSI Type *15996 Ph. 80.10 23.50 21.00 36.00 Fakirwadi, Athleta
*15997 Ph. 84.00 29.50 24.50 34.00 Samatra, Athleta
P/1 [m] b.c. 43.50 14.50 15.00 19.00 Keera bed 11
P/1’ b.c. 49.00 16.00 21.00 Keera bed 11
P/2 [m] b.c. 48.90 15.00 15.00 21.10 Keera bed 8
P/3 [M] Ph. 48.00 14.90 14.20 21.00 Keera bed 8
P/17 [M] b.c. 49.50 15.00 15.00 23.50 Jara bed 5
P/19 [M] b.c. 112.00 29.00 27.00 35.50 Jara bed 8
P/25 [M] Ph. 32.50 11.50 12.00 14.50 Jara bed 5
P/31 [M] juv. 26.50 9.50 Jara bed 5
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0.83) and discoidal in shape. Early whorls are smooth up 
to about 10 mm diameter, then rectiradiate primaries ap-
pear near the umbilical wall which are sharp and closely 
spaced. Soon after the first stage of growth, primaries be-
come a little coarser and are forwardly projected. Prima-
ries are thicker at the point of furcation. Secondaries are 
rursiradiating and thus have a sickle-shaped appearance. 
Just before termination, secondaries are weakly projected 
towards the aperture near the ventro-lateral margin. There 
are about 9 primaries and 14 secondaries per half whorl at 
24 mm diameter. Ornamentation becomes a little coarser at 
the later phragmocone (D = 46 mm); ribbing is falcoid to 
falcate; primaries thicker at the furcation point and second-
aries form strong projected bullae at the termination point 
near the ventro-lateral margin. Primaries become strongly 
prorsiradiate at the endphragmocone and are weak or dis-
appear from the inner lateral area in the body chamber; 
although secondaries continue at the body chamber they 
also lose strength with growth.
Venter is rounded to strongly fastigate in early ontoge-
ny and becomes a little broad and unicarinate in the phrag-
mocone. Keel continues up to the body chamber and the 
venter is broader and weakly fastigate in nature.
Umbilicus is wide in early whorls (U/D = 0.44 at D = 
25 mm) and continues to be wide in the later phragmocone 
but becomes narrow in the body chamber (U/D = 0.25 at 
D = 112 mm). Umbilical wall is rounded at early ontog-
eny but in adult body whorl it becomes steep with a sharp 
margin.
Description [m]: Shell relatively evolute (U/D = 0.3), 
small with discoidal whorl section. The complete body 
chamber diameter is 49.5 mm. Closely-spaced sharp pri-
maries first appear after the smooth stage up to 5 mm di-
ameter. Primaries are at first rectiradiate to weakly prorsir-
adiate and become thick at the furcation point at one-third 
whorl height. Like the primaries, secondaries are also 
closely spaced, rursiradiate and falcoid in nature. They 
form bullae weakly projected towards the aperture at the 
ventro-lateral margin. In phragmocone ribbing is relatively 
coarser, primaries are strongly prorsiradiate and secondar-
ies become rursiradiate and concave towards the aperture. 
Secondaries project towards the aperture along the ventro-
lateral margin. There are 9 primaries and 17 secondaries 
per half whorl at the last whorl of the complete specimen.
Venter is rounded and unicarinate at the early whorls 
and comparatively depressed. At 21.5 mm diameter the 
whorl becomes compressed (W/H = 0.75), with strongly 
fastigate venter ornamented with an elevated keel. The 
venter becomes weakly fastigate to flat at the body cham-
ber and keel continuous up to the end.
The umbilicus is wide (U/D = 0.39) at the early stage 
of growth (D = 21 mm) but relatively closer at the body 
chamber (D = 49.5 mm, U/D = 0.32). Umbilical wall is 
rounded in early ontogeny with no prominent margin. At 
the last part of the body chamber of the complete specimen 
the umbilical wall is vertical with a sharp margin. 
Discussion: Spath (1927-1933) included Waagen’s
(1875, pl. 13, figure 6a, 6b) two small specimens of Har-
poceras dynastes into his newly formed species Puteali-
ceras intermedium. Spath (1927-1933) differentiated his 
species with additional specimens from Waagen’s species 
on the basis of whorl shape, which is more inflated and at 
the same time more distantly and more coarsely costate 
than Harpoceras dynastes. The present species apparently 
shows similarities in whorl shape with P. trilineatum, but 
differs by a relatively compressed whorl section and in-
volute coiling. P. intermedium shows great intraspecific 
variations, e.g., some variants of the present species have a 
similar inflated whorl section like Spath’s (1927-1933, pl. 
12, figure 9) P. intermedium var. robusta and it is also rela-
Table 4 Materials and dimensions of Putealiceras vijaya Spath
Specimen No. D U W H Locality and Horizon
GSI Type *15993 [M] b.c. 91.00 29.00 25.00 34.50 Fakirwadi, Athleta bed
GSI Type *15994 [M] b.c. 75.00 23.50 21.00 33.00 Fakirwadi, Athleta bed
P/18 [m] b.c. 42.00 17.00 13.50 17.00 Jumara bed 12
P/20 [m] b.c. 58.50 21.50 22.50 24.50
P/23 [M] Ph. 41.50 18.00 14.50 16.00 Bajira bed 11
P/24 [M] b.c. 68.00 26.50 18.00 23.50 Jara bed 5
P/26  [M] Ph. 39.50 14.00 13.00 18.00 Jara bed 5
P/28  [M] Ph. 33.50 12.00 12.00 13.50 Jara bed 5
P/29  [M] juv. 25.00 11.00 8.50 10.00 Jara bed 5
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tively larger and evolute like P. trilineatum but unlike P. 
trilineatum it has distant, coarse, strongly falcoid ribbing. 
On the other hand, some variants have indistinct ribbing in 
inner lateral areas as is found in Sublunuloceras dynastes;
but the present species differs by its comparatively evolute 
coiling and thickening of primaries at the point of bifurca-
tion.
In both P. vijaya and P. intermedium the strength of rib-
bing diminishes or becomes blunt on the body chamber, 
so they may look alike, but in the present form the promi-
nent keel continues along the mid venter even in the body 
whorl, whereas, in P. vijaya venter becomes more or less 
smooth in the body whorl. 
iii. Putealiceras vijaya Spath
Figure 8A-8L, Table 4
1928 Putealiceras vijaya, Spath, p. 111, pl. 11, fig-
ure 7, pl. 12, figure 1a, 1b, pl. 13, figure 9.
Description [M]: Shell large, end phragmocone diam-
eter ranges from 71 mm to 73 mm (Geological Survey of 
India, Type no. 15993 and 15994; Spath, 1927-1933; Pl. 
11, figure 7; Pl. 12, figure 1). Shell is evolute (U/D = 0.32), 
compressed (W/H = 0.63 to 0.72) with elliptical whorl sec-
tion.
Early whorls smooth up to about 10 mm diameter, then 
strong primaries appear near the umbilical margin, they 
are weakly prorsiradiate, sharp, distant and not always bi-
furcating in nature. They are falcoid, go up to the ventro-
lateral margin and form elongated bullae at their termina-
tion point. Intercalatories arise at the midflank and go up 
to the ventro-lateral margin and terminate there by forming 
bullae like projections. Primaries become more prorsiradi-
ate, coarser and more distant with growth. In the phrag-
mocone (D = 39.8 mm), the ribbing becomes more distant 
and stouter and the alternate long and short ribs continues, 
although occasional bifurcations are also present. In late 
phragmocone the ribbing is relatively straighter, robust 
in mid lateral and becomes blunt near the ventro-lateral 
margin. Secondaries are projected along the ventro-lateral 
margin towards the growth direction. At the later part of 
endphragmocone or in the body chamber the strength of 
ribbing diminishes greatly; only distant robust secondaries 
continue to the end of preserved body chamber.
Venter is rounded in early whorls, although compressed 
(W/H = 0.85 at D = 25 mm) with a prominent mid-ventral 
keel. In the endphragmocone or in the body chamber the 
venter becomes fastigate though the keel is not so promi-
nent on the internal mould and the venter seems to be 
smooth. The whorl becomes comparatively depressed.
Umbilicus remains wide in all stages of growth. Um-
bilical wall is rounded with no prominent margin in early 
phragmocones. In body whorl the wall is gradual.
Description [m]: Shell strongly evolute (U/D = 0.43), 
robust, small-adult phragmocone diameter is 33.5 mm. 
Strong primaries appear at the umbilical wall after an 
initial smooth stage of 3-4 mm. Ribbing rectiradiate and 
mostly solitary. Primaries when bifurcate form strong bul-
lae at the furcation point just below the mid flank. Sec-
ondaries form thick elongated bullae at their termination 
point near the ventro-lateral margin. Ribbing becomes 
coarser and distant in the adult phragmocone; although 
they are still mostly rectiradiate and solitary. There are 
regular intercalatories in between solitaries. In adult body 
chamber, ribbing is falcoid and bifurcation becomes rela-
tively frequent than in the earlier whorls. Primaries form 
thick, elongated bullae at the point of furcation near the 
mid-flank. In body chamber primaries appear near the um-
bilical margin instead of the wall. Secondaries are rela-
tively falcoid and form strong bullate termination near the 
ventro-lateral margin. Ribbing becomes mostly blunt in 
the body chamber.
Venter is narrow in early whorls and becomes weakly 
fastigate to flat in the body chamber, a prominent mid-
ventral keel continues up to the end of the preserved body 
chamber.
Umbilicus is deep but wide and umbilical wall is grad-
ual with no prominent margin.
Discussion: Spath (1927-1933) compared P. vijaya
and Hecticoceras thirriai Petitclerc (1921, pl. 21, figure 
10) with respect to blunt, straight ribbing, and loss of tu-
berculation at the later whorls; however, the ribs are not 
flattened in P. vijaya as in true Hecticoceras.
Spath (1927-1933) also compared P. vijaya with P. tri-
lineatum as the macroconch of both of them are of nearly 
the same size and both are evolute. P. vijaya has a more 
or less depressed whorl throughout whereas P. trilineatum 
has an almost squarish whorl section in the inner whorls 
and becomes compressed in later stage of growth. P. vi-
jaya has distant, coarse, rectiradiate ribbing; P. trilineatum
shows closely spaced, weakly falcoid to rectiradiate orna-
mentation. Like Spath (1927-1933), I also have complete 
specimens of P. vijaya, which shows a broad tabulate, 
smooth periphery at the body chamber; P. trilineatum has 
a relatively fastigate, trilineate periphery.
P. intermedium differs from P. vijaya by having a rela-
tively involute and compressed whorl; closely spaced 
sharp, falcate ribbing with strongly fastigate venter and el-
liptical whorl section.
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Table 5 Materials and dimensions of Putealiceras dhosaense n.sp.
Specimen No. D U W H Locality and Horizon
PD/1 [M] b.c. 41.50 17.00 14.00 16.00 Ler, Dhosa oolite
PD/2 [M] Ph. 87.00 27.00 20.00 37.50 Jara, Dhosa
PD/3 [M] Ph. 36.00 14.50 15.00 Ler, Dhosa oolite
PD/4 [M] Ph. 57.50 22.50 16.00 23.00 Uttongri, Dhosa oolite
PD/6 [M] b.c. 69.50 21.00 20.50 33.00 Bhakri, Dhosa oolite
P. punctatum (non Stahl) documented by R. Douvillé 
(1914, p.6, pl.1, figure1) shows similar loss of the blunt 
keel at the outer whorl, however, this species differs from 
the present form in its evolute inner whorls as well as in 
the very prominent ribs of the body chamber; the true P. 
punctatum (Stahl) has not only less straight ribbing than 
P. vijaya, but more compressed and prominent keeled 
whorls.
iv. Putealiceras dhosaense (Spath)
Figure 9A-9H, Table 5
1875 Harpoceras punctatum, Waagen, p. 62, pl. 13, 
figure 9a, 9b.
1928 Pseudobrightia dhosaense, Spath, p. 116, 
pl. 13, figure 10a, 10b.
1928 Pseudobrightia subpunctata, Spath, p.116.
Description: Shell widely evolute (U/D = 0.30 to 0.41) 
compressed (W/H = 0.53 to 0.88), and moderately large 
with maximum adult phragmocone diameter 49 mm. 
Shell is smooth up to 5 mm diameter, and then close-
ly spaced primaries appear near the umbilical margin. 
Strength of primaries increases with growth. In the early 
phragmocone primaries become prorsiradiate and bifur-
cate at one-third whorl height; secondaries are rursiradi-
ate in nature and form bullae at their termination near the 
ventro-lateral margin. Ribbing becomes more angulirur-
siradiate in later ontogeny, but secondaries become blunt 
and are projected towards the aperture at their termination 
along the ventro-lateral margin. In the body chamber the 
ornamentation loses strength, although continues up to the 
preserved end.
Venter is broadly fastigate with a blunt mid ventral keel 
at the early stage of growth. In the late phragmocone the 
venter becomes bisulcate in nature and the mid ventral 
blunt keel continues.
Umbilicus is broad in all stages of growth (U/D = 0.41 
at D = 26 mm). In early stage, the umbilical wall is round-
ed with no prominent margin. In the body chamber the 
wall is relatively steep with a rounded margin.
Discussion: Spath (1927-1933) described the genus 
Pseudobrightia for the first time from Kutch and repre-
sented P. dhosaensis from the Lower Oxfordian (Dhosa 
Oolite bed) of Fakirwadi as the genotype, on the basis of a 
single fragmentary and completely septate specimen. The 
present author has some additional specimens from the 
same horizon and from different sections. P. dhosaensis
has similar tricarinate periphery as in Putealiceras trilin-
eatum and P. bisulcatum. The latter two have already been 
combined within P. trilineatum in the present endeavour. 
Moreover, P. dhosaensis of Spath has stouter and evolute 
whorls as in Putealiceras. Spath (1927-1933) compared 
his P. dhosaensis with a Putealiceras (figured but not 
described by Spath, pl. 16, figure 10) and it connects P. 
dhosaensis with P. trilineatum and P. bisulcatum. But P. 
dhosaensis differs from P. trilineatum and P. bisulcatum
by having strongly falcoid and blunt ribs as also indicated 
by Spath (1927-1933).
Spath (1927-1933) described a new species P. subpunc-
tata under his new genus and he also included Waagen’s
(1875) Harpoceras punctatum within it. H. punctatum has
high intraspecific variation in costation (Waagen, 1875) 
and it also varies during ontogeny; weak ribbing appears 
in early whorls and becomes stronger at the later phragmo-
cone. The ribbing is relatively straighter compared to P. 
dhosaensis and the ribs do not form tubercles as also seen 
in some varieties of Putealiceras trilineatum. Waagen’s
(1875) specimen has the beginning of a body chamber pre-
served and Spath (1927-1933) compared a doubtful body 
chamber fragment (at D = 90 mm) with Waagen’s species 
as well as to the holotype of P. dhosaensis and the transi-
tional form to Putealiceras sp. ind. (Spath, 1927-1933, pl. 
16, figure 10). All of them are similar in their peripheral 
aspects. So the present author, while revisiting the genus 
Peudobrightia with additional specimens, has not found 
enough distinct morphological features to retain this genus 
separately from Putealiceras. Hence, both P. dhosaense
and P. subpunctata have been synonymized under the pre-
sent species.
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4) Genus Sublunuloceras Spath, 1927-1933
Type species Harpoceras lairense Waagen, 1875
v. Sublunuloceras lairense (Waagen)
Figure 10A-10J
1975 Harpoceras lairense, Waagen, p. 65, pl. 13, 
figures 3, 4. 
1885 Ludwigia lairensis (Waagen), Haug, p. 691.
1893 (?) Harpoceras lairense, Waagen; Bonarelli, 
p. 103.
1912 Harpoceras lairense, Waagen; Smith, 
pp. 1350-1352.
1913 Harpoceras lairense, Waagen; Smith (c), 
p. 422.
1928 Sublunuloceras lairense, (Waagen), Spath, 
p. 123, pl. 11, figures 6a, 6b, 10; pl. 14, figure 
1; pl. 17, figures 5, 6; pl. 18, figure 8.
1928 Sublunuloceras prelairense, Spath, p. 122, 
pl. 11, figure 5a, 5b.
Comments: Spath (1927-1933) described the species 
on the basis of 15 specimens, including Waagen’s four 
specimens. In the present study, I do not have any speci-
men similar in form to Spath’s forms which have recti-
radiate ribbing in outer whorl and bending of moderately 
thick ribs in the body chamber. Spath designated one of 
Waagen’s forms (GSI Type 1945, here in Figure 12H-12J)
as variety S. lairense var. plana which shows peculiar flat-
tening of the ribs, instead of thickening at the point of bi-
furcation.
Spath described a new species S. prelairense and differ-
entiated it from the present form only because of the pres-
ence of an acutely fastigate periphery, incipient keel with-
out tendency of tricarination as shown in Waagen’s form. 
However, the ribbing shows peculiar bending and outer 
flattening as that of the present form, GSI Type 16007 
(Figure 12E-12G) does not show tricarinate venter and 
it may be regarded as an intraspecific variability. So in the 
present study, I have synonymized Sapth’s S. prelairense
within the present species.
vi. Sublunuloceras discoides Spath
Figure 11A-11H, Figure 12A-12I, Table 6
1928 Sublunuloceras discoides, Spath, p. 126, 
pl. 12, figure 7a, 7b, pl. 13, figure 1a, 1b, 
pl. 15, figure 11. 
1951 Sublunuloceras cf. discoides, Spath, Jeannet, 
p. 66, pl. 15, figure 4.
Table 6 Materials and dimensions of Sublunuloceras discoides Spath
Specimen No. D U W H Locality and Horizon
GSI Type *16008a M Ph. 94.00 22.00 21.00 45.00
*16008b M Ph. 83.00 17.00 18.00 42.00
SD/1 M Ph. 132.50 20.00 32.50 70.50 Jara bed 5
SD/2 M Ph. 105.00 12.00 26.00 62.50 Bhakri Dhosa oolite
SD/3 M Ph. 47.50 11.50 7.00 25.00 Jara bed 5
SD/4 M Ph. 69.00 11.00 13.50 38.00 Jara bed 6
SD/5 M Ph. 71.50 11.50 19.00 38.00 Jara bed 6
SD/6 M Ph. 71.00 13.00 18.00 36.00 Jara bed 5
SD/7 M Ph. 140.00 23.00 33.00 63.00 Jara bed 6
SD/8 M Ph. 86.50 16.00 22.50 45.00 Jara bed 5
SD/9 M Ph. 77.50 13.00 20.00 39.50 Jara bed 5
SD/10 M b.c. 97.50 15.00 19.50 47.00 Jara bed 6
SD/11 M b.c. - - 46.00 70.00 Jara bed 5
SD/12 M b.c. 140.00 27.50 29.50 67.50 Jara bed 5
i.w. 104.00 15.00 22.00 56.50
SD/13 M E. Ph. - - 20.00 48.00 Bhakri bed 13
SD/14 M Ph. 94.00 14.00 20.00 42.50 Jara bed 5
SD/15 M b.c. - - 38.50 77.50 Jara bed 5
SD/16 M Ph. 54.00 8.00 11.50 28.00 Jumara 14
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1958 Sublunuloceras discoides, Spath, Collignon, 
pl. 32, figure 150.
1980. Sublunuloceras discoides, Spath, Kanjilal, 
p. 34, figure 1a, 1b.
Description [M]: Shell discoidal, strongly involute 
(U/D = 0.15 - 0.18); maximum end phragmocone diam-
eter varies from 113 mm to 145 mm. Shell is strongly com-
pressed (W/H = 0.28 to 0.66) with elliptical whorl section. 
Incipient falcoid ribbing first appears after an initial 
smooth stage of about 20-25 mm diameter. Primaries 
emerging from the umbilical margin go prorsiradiately to-
wards the midflank and bifurcate. Secondaries thus origi-
nate and go rursiradiately towards the ventro-lateral mar-
gin. Primaries become blunt or disappear from the inner 
flank at a diameter of 40-50 mm. Secondaries are relative-
ly strong, sharp and continue up to the ventro-lateral mar-
gin at this stage of growth, but they also become incipient 
in the latter phragmocone. Primaries completely disappear 
from the inner flank at the latter phragmocone (60-80
mm diameter), where only flattened, distant secondaries 
continue to the outer flank. At the adult phragmocone, the 
shell becomes almost smooth with distantly spaced, flat-
tened, incipient secondaries. Two fragmentary specimens 
with incompletely preserved body chamber fragments 
show almost no ornamentation at the final whorl.
Venter is narrow with a sharp mid-ventral keel at the 
early whorls as well as in latter phragmocones. In the adult 
phragmocone and also in the body chamber the venter be-
comes broad and the keel becomes faint. 
Umbilicus is narrow, deep in early phragmocone stage 
with an inclined wall and rounded margin. The umbilical 
wall becomes steep, but the margin remains rounded in 
late phragmocone as well as in the body chamber.
Description [m]: Shell is relatively evolute (U/D = 
0.28-0.31), extremely compressed (W/H = 0.63 - 0.68) 
with maximum adult size varying from 40 mm to 50 mm.
Initial whorl smooth up to 9 mm diameter then strong 
rectiradiate primaries appear near the umbilical margin, 
which go up to mid flank and bifurcate. Secondaries con-
tinue up to the ventro-lateral margin where they terminate 
forming weak bullae. Primary ribbing gradually becomes 
prorsiradiate and stronger in inner whorls and bifurcates 
below the mid flank. Secondaries continue rursiradiately 
up to the ventro-lateral margin and terminate there by 
forming elongated bullae. In the latter phragmocone (D 
= 25 mm) primaries become stouter, more prorsiradiating 
and bifurcate at the mid flank. Closely spaced secondar-
ies are rursiradiate and concave towards the aperture. They 
terminate at the ventro-lateral margin forming clavi or 
elongated bullae. Ornamentation continues up to the end 
Specimen No. D U W H Locality and Horizon
SD/17 M b.c. 116.00 20.00 23.50 53.50 Jara bed 5
SD/18 M Ph. - - 13.00 32.00 Jara bed 6
SD/19 M Ph. 123.50 22.50 23.00 56.00 Bajira Dhosa oolite
SD/20 M b.c. - - 32.50 63.00 Jara bed 5
SD/21 M Ph. - - 23.00 48.50 Jara bed 8
SD/22 M Ph. 74.00 17.50 15.00 36.00 Bajira bed 11
SD/23 M Ph. 58.50 12.50 14.00 34.50 Jara bed 5
SD/24 M Ph. 99.00 15.50 24.00 48.50 Jara bed 5
SD/25 M Ph. 71.00 14.00 36.00 Bajira bed 11
SD/26 M Ph. 75.00 14.00 15.00 39.50 Jara bed 5
SD/27 M Ph. - - 22.00 56.00 Jara bed 5
SD/28 M b.c. - - 32.00 82.50 Jara bed 5
SD/29 M Ph. - - 41.00 82.00 Jara bed 5
SD/30 M Ph. - - 18.00 43.00 Jara bed 5
SD/31 m b.c. 50.00 14.00 12.00 19.00 Jumara bed 14
D/1 m b.c. 40.50 14.00 13.00 20.00 Jumara bed 14
D/2 m b.c. 45.00 14.00 13.00 20.00 Jumara bed 14
Table 6, continued
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of adult body chamber; although in one variant ribbing be-
comes indistinct in the internal mould at the last part of the 
body whorl. 
Venter narrow and keel is not prominent in inner whorls. 
In the adult phragmocone the venter becomes wider with 
a prominent mid ventral keel; the sharpness of the keel di-
minishes at the body whorl and the venter becomes smooth 
and broad at the last part.
The umbilicus is wide from the beginning and becomes 
wider with ontogeny. Both umbilical margin and slope are 
gradual.
Whorl section is elliptical in inner whorls as well as in 
the phragmocone and becomes subtrapezoidal in the body 
chamber. 
Apertural modification presents; spatulate projection of 
apertural portion suggests presence of lappet.
Discussion: The present species has two sexual anti-
dimorphs. Typically smooth outer whorls and discoidal 
whorl shape are the two distinguishing morphological fea-
tures that separate the present species from other related 
forms. Inner whorls of some variants of S. discoides have 
a similar wider umbilicus as in S. aff. nodosulcatum (La-
husen) (Spath, 1927-1933, pl. 15, figure 1a, 1b), but it has 
coarser as well as more angulirursiradiate ribbing and an 
acute periphery.
S. dynastes (Waagen) shows a smaller umbilicus as 
in macroconchiate S. discoides; but in the later stage of 
growth there appear many distinguishing features such as 
strongly ribbed outer whorls with bluntly fastigate periph-
ery; moreover, S. dynastes is confined to Upper Callovian, 
whereas, S. discoides continues into the Middle Kim-
meridgian (Kanjilal, 1980).
S. lairense (Waagen) of Spath (1927-1933) is more 
evolute and coarsely ornamented in all stages of growth 
as compared to the present species. On the other hand, S.
lairense (as stated by Spath, 1927-1933) shows typical 
weakening of primaries at the point of bifurcation, which 
is not shown by any other Sublunuloceras of Kutch.
Jeannet’s (1951) species from Lower Oxfordian of Her-
znach is similarly involute and has a sharp periphery and 
weakening of ribs in outer whorls like the present form, so 
it has been synonymized here. Kanjilal’s (1980) forms are 
relatively inflated although it is similar to the present form 
in weakening of ribs in later phragmocone. 
vii. Sublunuloceras dynastes (Waagen)
Figure 13A-13M, Table 7
1875 Harpoceras dynastes Waagen, pars, p. 66, 
pl. 13, figure 6 only.
1885 Ludwiqia dynastes (Waagen); Haug, p. 91.
1893 (?) Harpoceras dynastes, Waagen; Bonarelli, 
p. 103.
Table 7 Materials and dimensions of Sublunuloceras dynastes (Waagen)
Specimen No. D U W H Locality and Horizon
GSI Type *1948 Ph. - - 30.50 61.50 SE Nara, Athleta
GSI Type *1949 Ph. 40.00 9.00 11.00 20.00 Nara, Athleta
SDN/1 E. Ph. 81.00 19.50 21.50 38.50 Bajira bed 11
SDN/2 b.c. 101.00 26.00 26.00 45.00 Jara bed 8
SDN/3 b.c. 80.00 17.00 21.00 40.50 Ler Dhosa Oolite
SDN/4 Ph. 65.50 14.50 16.00 33.00 Keera bed 11
SDN/5 Ph. 142.00 29.50 30.00 60.00 Keera bed 11
SDN/6 Ph. 75.50 17.50 17.50 38.00 Jumara bed 14
SDN/7 E. Ph. 60.00 15.50 15.00 38.50 Jumara bed 15
SDN/8 Ph. 67.50 16.50 16.00 33.00 Bhakri bed 11
SDN/9 E. Ph. 95.00 22.00 15.00 43.50 Jumara bed 15
SDN/10 Ph. 85.50 17.00 22.00 43.00 Bajira bed 11
SDN/11 Ph. 57.50 12.50 Jara bed 5 Jara
SDN/12 Ph. 42.50 12.00 11.00 19.50 Bajira bed 11
SDN/13 E. Ph. 71.50 14.00 18.50 37.50 Jara bed 5
SDN/14 b.c. 81.50 17.50 20.50 40.50 Jara bed 5
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Specimen No. D U W H Locality and Horizon
SDN/15 b.c. 86.50 17.00 Jara bed 5
SDN/16 Ph. 69.00 15.50 17.00 33.50 Keera bed 11
SDN/17 Ph. 31.50 64.50 Jara bed 7
SDN/18 Ph. 93.00 20.50 38.50 Bajira bed 12
SDN/19 Ph. 80.00 13.00 18.50 36.50 Bajira bed 11
SDN/20 Ph. 79.00 15.00 21.00 40.50 Jara bed 5
SDN/21 Ph. 25.50 50.00 Keera bed 11
SDN/22 Ph. 112.00 19.50 25.00 50.00 Keera bed 8
SDN/23 E. Ph. 88.50 15.00 22.50 43.00 Jara bed 5
SDN/24 b.c. 56.50 11.50 15.00 28.50 Samatra bed 13
SDN/25 E. Ph. 29.00 44.50 Keera 11
SDN/26 b.c. 64.50 13.00 18.00 33.00 Jara bed 5
SDN/27 Ph. 67.50 14.50 Jumara bed 12
SDN/28 Ph. 40.50 12.50 14.50 17.50 Jara bed 2
SDN/29 Ph. 68.50 15.50 17.50 33.50 Jumara bed 12
SDN/30 Ph. 69.50 16.00 16.00 33.50 Jumara bed 14
SDN/32 juv. 61.00 12.50 14.50 28.50 Jhura Dhosa Oolite
SDN/33 Ph. 44.50 11.00 12.00 21.00 Jara bed 8
SDN/34 Ph. 47.00 11.00 10.50 23.00 Jara bed 5
SDN/35 Ph. 57.50 10.00 11.00 26.50 Jara bed 5
SDN/36 Ph. 38.50 10.00 11.00 19.50 Bajira bed 11
SDN/37 Ph. 80.50 13.00 20.50 41.50 Jumara bed 14
SDN/38 Ph. 96.00 20.00 23.00 47.00 Bajira bed 11
SDN/39 Ph. 110.00 17.50 32.50 56.50 Jara bed 5
SDN/40 27.00 60.00 Bajira bed 11
SDN/41 b.c. 105.00 21.00 26.00 40.00 Bajira bed 11
SDN/42 Ph. 113.50 18.00 24.00 51.00 Keera bed 11
SDN/43 Ph. 117.00 20.00 28.50 53.00 Jara bed 5
SDN/44 Ph. 120.00 22.00 25.00 58.50 Jara bed 5
SDN/45 Ph. 67.00 12.50 18.00 32.50 Jara bed 5
SDN/46 E. Ph. 83.50 14.50 18.50 42.00 Jara bed 5
SDN/47 E. Ph. 54.50 12.50 15.00 27.00 Bajira bed 11
SDN/48 Ph. 139.00 28.50 35.00 61.00 Jara bed 5
SDN/49 E. Ph. 112.50 23.00 22.00 45.00 Bajira bed 11
SDN/50 Ph. 116.50 19.00 23.00 49.50 Jara bed 5
SDN/51 b.c. 116.00 20.00 29.50 57.50 Jara bed 5
SDN/52 Ph. 132.00 25.00 30.00 56.00 Jara bed 5
SDN/53 Ph. 29.50 7.50 Ler Dhosa oolite 
SDN/54 Ph. 66.50 15.00 19.00 35.50 Jara bed 5
Table 7, continued
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1912 Harpoceras dynastes, Waagen; Smith (a), 
p. 714; (b), pp. 1350-1351.
1913 Harpoceras dynastes, Waagen; Smith (c), 
p. 422.
1915 Harpoceras dynastes, Waagen; Smith, p. 795
1928 Sublunuloceras dynastes (Waagen), Spath, 
p. 125, pl. 11, figures 2a, 2b, 3.
1928 Sublunuloceras aff. nodosulcatum (Lahusen), 
Spath, p. 124, pl. 15, figure 1a, 1b.
Description: Shell large maximum adult phragmo-
cone diameter varies between 80 mm and 100 mm, and 
the preserved adult body chamber may reach up to 142 
mm. Shell is discoidal evolute (U/D = 0.28 - 0.37) and 
compressed (W/H = 0.49 - 0.83) with an elliptical whorl 
section. Shell is smooth up to 10 mm diameter, and then 
closely spaced weak falcoid ribs appear near the umbilical 
margin. Primary ribs at this stage are straight to slightly 
prorsiradiate and bifurcate at the mid flank. Secondary 
ribs are sickle-shaped and rursiradiately continue up to 
the ventro-lateral margin; they terminate there by forming 
elongated bullae. There are about ten primary ribs and 19 
secondary ribs per half whorl. At a still larger diameter 
(D = 38 mm) the shell becomes relatively involute (U/D 
= 0.26) and ribbing is stronger than in earlier whorls. 
Primaries are more prorsiradiate and secondaries remain 
rursiradiate in nature and form strong elongated bullae at 
the termination point near the ventro-lateral margin. The 
strength of ribbing increases with ontogeny, although pri-
maries are obsolete or blunt in the inner lateral. In adult 
phragmocone ribbing becomes weakly falcoid to recti-
radiate; primaries almost obsolete or disappear from the 
inner flank, although in some variants distant, weak pri-
maries still continue; secondaries also become blunt and 
show weak clavate termination at the ventro-lateral mar-
gin. Only blunt secondaries continue in body chamber; 
they also are distant and form weak bullae at the ventro-
lateral margin. Body chamber starts with egressions of 
whorl. 
Venter is rounded in early ontogeny with an incipient 
mid-ventral keel. Venter becomes fastigate with prominent 
keel in later phragmocone but in body chamber the venter 
becomes wide and keel becomes indistinct.
Umbilicus is wide at the early stage (U/D = 0.3) and 
becomes narrower in the middle stage of growth (U/D = 
0.26). In body chamber the umbilicus is again wider. Um-
bilical wall is always steep with rounded margin.
Discussion: Sublunuloceras aff. nodosulcatum (Lahus-
en) described by Spath (1927-1933, pl. 15, figure 1a, 1b), 
has moderately wide umbilicus (U/D = 0.23) in its inner 
whorls and falcate to falcoid ribbing-those morphological 
features are close to similar sized S. dynastes. In S. aff. 
nodosulcatum costation appears at about 10 mm diameter 
as in the present species, but are more falcate in nature. 
Both species have more or less inflated outer whorls with 
similarly strong ribbing that continues up to the adult body 
whorl. S. dynastes differs from S. nodosulcatum by its 
more fastigate venter and loss of keel at the body chamber. 
Although some of the variants of the present species show 
a keeled venter at least up to the preserved end of body 
chamber, so it may be a variable character for this present 
species. For those above mentioned reasons, S. aff. nodo-
sulcatum of Kutch has been synonymized with the present 
species.
S. discoides Spath is clearly distinguished from the pre-
sent species by its discoidal shape, sharpened periphery 
and loss of costation at larger diameters.
The present species differs from S. lairense (Waagen) 
by its non-tuberculate costation and bluntly fastigate pe-
riphery.
Specimen No. D U W H Locality and Horizon
SDN/55 Ph. 100.00 21.50 16.00 56.00 Jara bed 8
SDN/56 Ph. 119.00 19.50 26.00 49.50 Jara bed 5
SDN/57 Ph. 78.50 17.50 21.50 40.00 Jara bed 5
SDN/58 Ph. 20.50 44.00 Jara bed 8
SDN/59 Ph. 58.50 13.00 18.00 27.50 Jumara bed 14
SDN/60 Ph. 24.50 9.00 6.00 10.00 Jara bed 8
SDN/61 Ph. 52.00 12.00 13.50 27.00 Bajira bed 11
SDN/62 Ph. 50.50 11.50 14.00 23.50 Jara bed 8
SDN/63 Ph. 55.00 13.50 14.00 28.00 Jara bed 8
Table 7, continued
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Table 8 Materials and dimensions of Lunuloceras lunula (Zieten)
Specimen No. D U W H Locality and Horizon
GSI Type *1940 Ph. 50.00 12.00 18.00 24.00 -
GSI Type *1942-43 Ph. 53.00 16.00 14.00 24.00 Wanda, Athleta bed
GSI Type *16004 Ph. 24.00 5.50 4.20 9.00 Fakirwadi, Athleta
L/1  [M] E. Ph. 62.00 20.00 16.00 25.00 Jumara bed 15
L/2  [M] Ph. 51.50 Bhakri bed 11
L/3  [M] Ph. 50.00 17.50 12.00 21.00 Keera bed 8
L/4  [M] Ph. 49.00 11.50 19.00 Bajira bed 11
L/6  [M] E. Ph. - - - - Jara bed 4
L/5  [M] Ph. 37.00 13.00 10.50 17.50 Bajira bed 11 
L/7  [M] Ph. 32.50 10.50 5.50 17.50 Jumara bed 14
L/8  [M] Ph. 43.00 14.50 11.00 21.00 Jara bed 8
L/9  [M] b.c. 40.00 12.00 10.00 18.50 Jumara bed 12
L/10[M] Ph. 46.50 15.50 8.00 9.00 Jara bed 7
5) Genus Lunuloceras Bonarelli, 1893
Type species Nautilus lunula Reinecke, 1818
i. Lunuloceras lunula (Zieten)
Figure 14A-14H, Table 8
1840 Ammonites corrugates; J. de. C. Sowerby; in 
Grant, pl. 23, figure 12.
1850 Ammonites orientalis, d’Orbigny, p. 331.
1875 Harpoceras lunula (Zieten), Waagen, p. 63, 
pl. 12, figure 1a, 1b.
1891 Ludwigia sp. ind. I, v. d. Borne, p. 9.
1893 Hecticoceras (Lunuloceras) lunula (Rei-
necke) Bonarelli, pars. p. 99.
1902 Ammonites corrugates; J. de. C. Sowerby; 
Blake, p. 35.
1928 Lunuloceras orientale (d’Orbigny), Spath, 
p. 118, pl. 13, figure 9.
1928 Lunuloceras nisoides, Spath, pl. 13, figure 8b;
pl. 14, figure 11, pl. 15, figure 5.
1912 (?) Harpoceras lunula (non Reinecke), Smith, 
p. 1352
1956 H. (L.) lunula (Reinecke), Zeiss, p. 33, pl. 1, 
figure 5.
Description: Shell is medium sized (maximum diam-
eter of the shell is 62 mm), planulate, evolute (U/D = 0.33) 
and compressed (W/H = 0.64), with adult phragmocone 
diameter from 40 mm to 57 mm.
The shell is smooth up to 3-4 mm diameter then faint 
nearly rectiradiate primaries appear near the umbilical 
margin. Primaries at this stage are mostly sharp and nu-
merous but indistinct. However, in some variants the inner 
flank remains smooth up to a considerable diameter; only 
faint primaries appear at 25 mm diameter. Secondaries at 
this stage are rursiradiate and falcoid in nature. At later 
phragmocone primaries become a little stronger than the 
earlier whorls; they disappear at the adult phragmocone 
and the inner flank remains smooth on the body whorl. 
Secondaries continue with the same strength up to the 
adult phragmocone and they remain concave towards the 
aperture. They form elongated bullae at the ventro-lateral 
margin and terminate. However, at later part of the end-
phragmocone and on the body chamber the secondaries 
are gradually restricted only at the upper flank.
Venter narrow and weakly fastigate in early whorls with 
trapezoidal whorl section (W/H = 0.52). It becomes gradu-
ally wider with a more fastigate nature during ontogeny. 
The venter has a hollow floored keel at early stage and 
continues up to the phragmocone but loses strength at the 
end-phragmocone and on the body whorl.
Umbilicus is fairly wide (U/D = 0.31) and has steep 
umbilical slope and gradual margin at early whorls. The 
margin becomes sharper during ontogeny.
Discussion: Spath (1927-1933) redescribed Waa-
gen’s (1875) Harpoceras lunula as Lunuloceras orientale 
(d’Orbigny) and he showed the reason that L. lunula s.
st. (Reinecke) are rare in occurrence and Waagen (1875) 
had described the species based on a single specimen. 
Moreover, he also stated that other Lunuloceras species
which were earlier identified as Reinecke’s true L. lunula,
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Table 9 Materials and dimensions of Brightia callomoni n.sp.
Specimen No. D U W H Locality and Horizon
B/1  [M] Ph. 74.00 23.00 18.00 26.00 Keera bed 12
B/2  [M] Cast 44.00 19.00 15.00 Keera bed 12
B/3  [M] Ph. 30.00 14.00 6.00 10.00 Keera bed 11
B/4  [M] Ph. 28.00 13.00 5.00 10.00 Keera bed 11
B/5  [m] b.c. 31.50 16.00 - - Keera bed 11
B/7  [m] b.c. 30.00 15.50 7.00 9.00 Jumara bed 15
most of them were later found to be different when revis-
ited. When the author compares the present species with 
Spath’s (1927-1933) L. orientale as well as Waagen’s
(1875) H. lunula with additional systematic collections, 
he has found that all of the specimens have certain com-
mon features like highly compressed whorls, smooth inner 
whorls and indistinct keel. Though ribbing pattern varies 
to some extent, most differences may be accounted for 
by intra-specific variation. Therefore, the author prefers 
to synonymize both Waagen’s (1875) species and Spath’s
(1927-1933) species as L. lunula.
Spath’s (1927-1933) L. nisoides from the Athleta 
beds of an unlocalized section has similarly smooth inner 
whorls, and falcoid to angulirursiradiate ribbing to L. lu-
nula with half of the last whorl belonging to body cham-
ber. By comparing the morphological features and mor-
phometrics, the author prefers to synonymize it within the 
present species.
Spath’s (1927-1933) L. orientale var. plana (here in-
cluded within L. lunula) has similar non-tuberculate ribs, 
compressed whorl and narrowly fastigate venter like Sub-
lunuloceras lairense (Waagen); but unlike the present spe-
cies it has bifurcating ribs.
The present species, although a bit larger, has identical 
ornamentation like Zeiss’s (1956) species from Blumberg, 
Germany.
6) Genus Brightia Rollier, 1922
Type species Hecticoceras nodosum Bonarelli, 1893
ii. Brightia callomoni n. sp.
Figure 15A-15J, Table 9
1928 Brightia sp. ind. Spath, p. 121, pl. 18, figure 7.
Etymology: The species is named after the great palae-
ontologist Dr. J. H. Callomon.
Description [M]: Shell is medium sized (maximum pre-
served diameter 74 mm), fairly evolute (U/D = 0.31 to 0.47) 
and compressed (W/H = 0.5 to 0.69) throughout ontogeny.
Shell is smooth up to about 6 mm diameter; then recti-
radiate to slightly prorsiradiate primaries appear near the 
umbilical wall. Weak dense secondaries also appear si-
multaneously. Strength of ribbing increases with growth, 
although primaries are still stronger than secondaries. At 
the later phragmocone stage primaries become slightly 
tuberculate and more prorsiradiating and relatively dis-
tant than earlier whorls. At this stage of growth (D = 30 
mm) the rursiradiate secondaries also become stronger and 
there are 2-3 secondaries that originate from tuberculate 
primaries at one-third whorl height. The largest fragmen-
tary specimen is septate (D = 74 mm) and shows distant, 
robust, prorsiradiate primaries which are bifurcating at 
one-third whorl height and rursiradiate secondaries con-
tinue to ventro-lateral margin. The secondaries form weak 
bullate termination at ventro-lateral margin. This nature of 
secondaries continues all throughout ontogeny. There are 
about 10-11 primaries and 20 to 25 sencondaries per half 
whorl at this stage of growth.
Umbilicus is widely open throughout ontogeny with no 
distinct umbilical wall or margin in the early stages, al-
though, a distinct inclined umbilical wall with a rounded 
margin is present in the adult phragmocone. 
Venter is rounded to narrowly fastigate in early stage of 
growth with a weak non-floored keel at the mid venter. On 
the later phragmocone, the venter becomes weakly fastigate 
and the keel is also prominent. At the body chamber, the 
venter is still widely fastigate but the keel becomes faint.
Description [m]: Shell is small (maximum preserved 
diameter is 31.5 mm), strongly evolute (U/D = 0.52), com-
pressed (W/H = 0.78), with last half whorl occupied by 
the body chamber (adult phragmocone diameter = 28 mm).
Prominent primary ribs appear as early as 5 mm di-
ameter. After they appear, they soon become tuberculate 
just near the umbilical margin. Strongly tuberculate pri-
maries are projected forward and furcated into 2-3 weak 
secondaries which are rursiradiate in nature. At the later 
phragmocone those primaries become strongly elongated 
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bullae which are also prorsiradiating and furcated into 2-3
strongly rursiradiate secondaries, thus giving rise to an an-
gulirursiradiate pattern. The whorl shows weak uncoiling 
after the adult phragmocone but distant bullate primaries 
still continue up to the end of the whorl preserved.
The umbilicus is widely (U/D = 0.5) open with rounded 
margin and gentle umbilical slope. The slope becomes a 
little steeper at later whorls. 
Venter is narrowly fastigate with a mid-ventral keel 
at the early stage. However, it gradually becomes widely 
fastigate during ontogeny, although the keel becomes faint 
at the adult body chamber.
Discussion: Spath (1927-1933) described Brightia sp. 
ind. with a fragmentary 35 mm-long whorl and he com-
pared this form with the Persian form B. metomphala iden-
tified by Parona and Bonarelli (1897). While revisiting the 
Kutch form along with the additional collections the au-
thor has found that the European B. metomphala described 
Figure 3 Kheraites ignobilis (Waagen) [M]. A-C-Lateral
(A), apertural (B) and ventral  (C) views of phragmocone speci-
men K/17 from bed 2 of Jara; D-E-Lateral (D) and ventral  (E) 
views of phragmocone specimen K/16 from bed 5 of Keera, note 
strong falcoid ribbing and smoothing of the inner flank at later 
phragmocone; F-H-Lateral (F), apertural (G) and ventral  (H) 
views of endphragmocone specimen K/11 from bed 4 of Jara, 
note keeled venter; I-K-Lateral (I), apertural (J) and ventral  (K) 
views of phragmocone specimen K/19 from bed 9 of Jumara; L-
Lateral view of endphragmocone specimen K/21 from bed 7 of 
Keera, note smooth inner flank. White bar adjacent to each figure 
measures 2 cm.
Figure 4 Kheraites ignobilis (Waagen) [m]. A-B-Lateral (A), 
apertural (B) views of a nearly complete specimen K/7 from bed 9 
of Jumara, note strong falcoid ribbing; C-E-Lateral (C), ventral 
(D) and apertural (E) views of specimen K/5 with preserved body 
whorl from bed 7 of Keera, note strong falcoid ribbing continues 
at the adult body chamber; F-Lateral view of specimen K/1, with 
last half whorl body chamber, from bed 10 of Jumara, note strong 
rectiradiate ribbing forming bullae at the ventro-lateral margin; 
G-I-Lateral (G), ventral (H) and apertural (I) views of specimen 
K/9 with partly preserved body whorl from bed 10 of Jumara; 
J-Lateral view of endphragmocone specimen K/3 from bed 8 
of Jumara, note smooth inner flank; K-Lateral view of a body 
chamber specimen (K/2) from bed 7 of Keera,  note strong fal-
coid ribbing. White bar adjacent to each figure measures 2 cm, x 
means the beginning of body chamber.
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Figure 6 Putealiceras trilineatum (Waagen) [M]. A-C-Lat-
eral (A), apertural (B) and ventral (C) views of a nearly complete 
specimen P/5 from bed 7 of Jara, note rectiradiate ribbing and tri-
carinate venter; D-E-Lateral (D) and ventral (E) views of body 
whorl fragment (specimen P/11), note falcoid ribbing and tricari-
nate venter; F-G-Lateral (F) and ventral (G) views of incomplete 
specimen P/13 from bed 5 of Jara. Putealiceras intermedium 
Spath [M]. H-J-Lateral (H), apertural  (I) and ventral (J) views 
of incomplete GSI Type specimen 15995 (holotype) from Upper 
Callovian (Athleta bed of Spath); K-Lateral view of a juvenile 
specimen P/31 from bed 5 of Jumara. L-N-Lateral (I), apertural 
(J) and ventral (K) views of GSI Type specimen 15997 with sep-
tate whorl from Upper Callovian (Athleta bed of Spath) of Sama-
tra. White bar = 2 cm. x means the beginning of body chamber.
Figure 5 Putealiceras trilineatum (Waagen) [M]. A-C-Lat-
eral (A), ventral (B) and apertural (C) views of a body whorl 
fragment (specimen P/6) from bed 8 of Jara, note falcoid rib-
bing forming clavi at the ventro-lateral margin; D-Lateral view 
of specimen P/14 from bed 13 of Samatra; E-Cast of venter of 
the preceding whorl of specimen P/6, note tricarinate venter; F-
H-Lateral (F), apertural  (G) and ventral (H) views of  a body 
chamber fragment (specimen P/8) from bed 13 of Jumara, note 
tricarinate venter (H); I-K-Lateral (F), apertural  (G) and ventral 
(H) views of GSI Type specimen 1944 with body chamber pre-
served from bed 11 of Keera. White bar = 2 cm.
by Jeannet (1951) is more bluntly ribbed and has more in-
flated whorl section at a larger diameter. The ribbing pat-
tern of European B. salvadori described by Jeannet (1951) 
is close to the present species but it is relatively involute 
and is more densely costate than the Kutch species. Be-
cause of these above reasons, the Kutch specimens have 
been described as a new species.
Hecticoceras (Brightia) tenuinodosum described by 
Zeiss (1956) from Jason Zone of Blumberg has a smooth 
inner flank or a few incipient tubercles present irregularly; 
moreover, it has smooth inner whorls unlike the present 
species.
H. (B.) aff. diforme (De Tsytovitch) from the Ath-
leta beds of Blumberg reported by Zeiss (1956) has outer 
whorls almost identical with the present form, but the inner 
whorls are completely smooth unlike the Kutch species.
3.3.1 Biostratigraphic implications of Hecticoceratin 
genera
Hecticoceras giganteum spans the semilaevis horizon 
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Figure 7 Putealiceras intermedium (Spath) [M]. A-C-Lat-
eral (A), apertural (B) and ventral (C) views of incomplete GSI 
Type specimen 15996 from the Upper Callovian (Divesian, Ath-
leta bed of Spath), note rectiradiate ribbing becomes falcoid in 
the later phragmocone; D-E-Lateral (D) and ventral (E) views 
of complete specimen P/1 from bed 11 of Keera, note falcoid 
ribbing and smoothing of inner flank in the body chamber; F-
G-Lateral (F) and ventral (G) views of complete specimen P/2 
from bed 8 of Keera; H-I-Lateral (H) and ventral (I) views of 
endphragmocone specimen P/3 from bed 8 of Keera; J-K-Lat-
eral (J) and ventral (K) views of incomplete specimen P/25 from 
bed 5 of Jara. White bar = 2 cm, x means the beginning of body 
chamber.
Figure 8 Putealiceras vijaya Spath [M]. A-B-Lateral (A) 
and ventral (B) views of completely septate specimen P/26 from 
bed 5 of Jara; C-Lateral view of young specimen P/23 from 
bed 11 of Bajira; D-F-Apertural (D), lateral (E) and ventral (F) 
views of complete specimen P/18 from bed 12 of Jumra, note 
strong, falcate ribs forming elongated bullae at the mid flank; 
G-I-Lateral (G), ventral (H) and apertural (I) views of a body 
chamber fragment P/24 from bed 5 of Jara; J-L-Lateral (J), 
apertural (K) and ventral (L) views of complete specimen P/20 
from bed 5 of Jara. White bar = 2 cm, x means the beginning of 
body chamber.
of the Formosus Zone to perisphinctoides horizon of the 
Anceps Zone (Table 11). In semilaevis horizon H. gigan-
teum co-occurs with Nothocephalites semilaevis (Waagen) 
the zonal species, along with Macrocephalites formosus (J. 
De. C. Sowerby), Kheraiceras cosmopolitum (Parona and 
Bonerlli), Kamptokephalites lamellosus (J. De. C. Sow-
erby), Dolikephalites subcompressus (Waagen), Reineck-
eia tyranniformis Spath, Reineckeia anceps (Reinecke), 
Collotia oxyptycha (Neumayr) and others (Spath, 1927-
1933; Cariou and Krishna, 1988; Datta, 1992; Bardhan et
al., 2002; Jana et al., 2005). In the Anceps Subzone of the 
basal Middle Callovian H. giganteum is associated with 
Eucycloceras opis ((J. De. C. Sowerby), Reineckeia tyran-
niformis, R. anceps and Choffatia spp. This level marks 
the disappearance of Macrocephalites spp. (Table 11). 
While Kheraiceras spp. H. giganteum goes up to the peri-
sphinctoides horizon of the Opis Subzone and is found to 
be associated with Idyocycloceras perisphinctoides Spath,
the zonal index, E. opis, Phlycticeras and Reineckeia spp. 
continue (Jana et al., 2005).
Jana et al. (2005) have attempted a correlation of the 
Kutch biozonation with that of the Submediterranean 
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Figure 9 Putealiceras dhosaense (Spath). A-C-Lateral (A), 
ventral (B) and apertural (C) views of incomplete specimen PD/4 
from Dhosa oolite bed of Jumara; D-F-Lateral (D), ventral (E) 
and apertural (F) views of a fragmentary body chamber specimen 
PD/1 from Dhosa oolite bed of Ler; G-H-Lateral (G) and ven-
tral (H) views of specimen P/6 with partly preserved body cham-
ber fragment  from Dhosa oolite bed of Bhakri. White bar = 2 cm.
Figure 10 Sublunuloceras lairense (Waagen). A-Lateral
view of GSI Type specimen 16006; B-D-Lateral (B), ventral 
(C) and apertural (D) views of a fragmentary body chamber of 
GSI Type specimen 16005 from Upper Callovian; E-G-Lateral
(E), ventral (F) and apertural (G) views of incomplete GSI Type 
specimen 16007 from Fakirwadi, Athleta bed of Spath; H-J-
Lateral (H), ventral (I) and apertural (J) views of incomplete GSI 
Type specimen 1945 from Ler, Athleta bed of Spath. White bar 
= 2 cm.
Province (Table 10). The top of the Gracilis Zone of 
France has been correlated with the Semilaevis Subzone of 
Kutch. They found faunal homogeneity within many hori-
zons between these two regions. Macrocephalites gracilis 
shows strong resemblance to Nothocephalites semilaevis
(see also, Westermann and Callomon, 1988, p. 16). The 
lower stratigraphic level of H. giganteum therefore corre-
sponds to H. (J.) girodi Bonarelli and H. boginense Petit-
clerc of boginense horizon of the Gracilis Zone of France. 
In fact the Kutch species is morphologically very similar 
to those European species (Roy and Bardhan, 2007). The 
highest occurrence of H. giganteum is confined to the peri-
sphinctoides horizon where one of the associated taxa is 
R. tyranniformis and Jana et al. (2005) matched this hori-
zon with the blyensis horizon of France, which belongs to 
the Tyranniformis Subzone. Recently Jain (1997) reported 
Phlycticeras gr. pustulatum (Reinecke) at a similar level 
from Jumara in Kutch. It co-occurs with R. tyranniformis,
Eucycloceras pilgrimi Spath (= E. opis; see Jana et al.,
2005). Hecticoceras s. st. is short ranging in France. It is 
confined only to the topmost Lower Callovian (boginense 
to kiliani horizons) (Cariou, 1984). However, in Kutch 
Hecticoceras appeared simultaneously in the top of the 
lower Callovian but lived longer and continued up to the 
lower part of the Anceps Zone. In Germany Hecticoceras
s. st. also continued into a higher stratigraphic level and 
is found from the Middle to Upper Callovian (Schlegelm-
ilch, 1985; Martill and Hudson, 1994). 
The European Athleta Zone is equivalent to Pondero-
sum Zone of Kutch; Peltoceras athleta is quite similar 
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Figure 12 Sublunuloceras discoides Spath [m]. A-C-lateral
(A), ventral (B) and apertural (C) views of complete specimen 
SD/31 from bed 14 of Jumara, note presence of lappet and nearly 
smooth last part of body whorl; D-F-lateral (D), ventral (E) and 
apertural (F) views of complete specimen D/1 from bed 14 of Ju-
mara, note presence of spatula-like lappet; G-I-lateral (G), ven-
tral (H) and apertural (I) views of partly preserved body chamber 
specimen D/2 from bed 14 of Jumara. White bar = 2 cm, x means 
the beginning of body whorl.
in morphology to Peltoceras ponderosum as depicted 
by Datta (1992). The Trezeense horizon of the Athleta
Zone in Subtethyan Province is marked by Hecticocer-
as (Orbinyiceras) trezeense which is associated with H.
(Sublunuloceras) aff. dynastes and H. (Putealiceras) tri-
liineatum. In Kutch, H. (Sublunuloceras) dynastes and H.
(Put.) trilineatum though appear in the Subgrossouvria ab-
errans horizon of the Reissi Zone, become prolific in the 
lower part of the Ponderosum Zone. Putealiceras interme-
dium and Sublunuloceras dynastes occur throughout the 
Ponderosum Zone in Kutch, although in the Subtethyan 
Province they co-occur again in the Collotia collotiformis
horizon of the Athleta Zone. Thus, the zonal assemblage 
reinforced the stratigraphic correlation between Kutch and 
Subtethyan Province, especially for the Upper Callovian 
Athleta Zone. 
3.3.2 Palaeobiogeography of the family oppelidae dur-
ing the Callovian-Oxfordian with special empha-
sis on Hecticoceratinae
During the Callovian oppelids are mainly represented 
by the hecticoceratins; there are only two genera: Prohec-
ticoceras and Hecticoceras s. st.; both are cosmopolitan. 
Both are most diverse in the Mediterranean and Submedi-
terranean compared to other provinces of the world in-
cluding Kutch. In Submediterranean France the subfamily 
Hecticoceratinae is represented by three species of Hecti-
coceras s. st. four Jeanneticeras spp., three Zieteniceras
spp., nine Chanasia spp. and one Lunuloceras spp. (Cari-
ou, 1984). Whereas in Kutch after the revision of Spath’s
Figure 11 Sublunuloceras discoides Spath [M]. A-C-Later-
al (A), ventral (B) and apertural (C) views of partly preserved 
body chamber specimen SD/12 from bed 5 of Jara, note irregular 
blunt secondary ribs on outer flank; D-E-Lateral (D) and aper-
tural (E) views of incomplete specimen SD/6 from bed 5 of Jara, 
note weakening of ribs in outer whorl and incipient blunt second-
ary ribs; F-H-Lateral (F), ventral (G) and apertural (H) views 
of GSI Type specimen 16008b (completely septate Holotype). 
White bar = 2 cm.
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Figure 13 Sublunuloceras dynastes [Waagen]. A-C-Lateral
(A), ventral (B) and apertural (C) views of completely septate 
specimen SDN/61 from bed 11 of Bajira; D-F-Lateral (D), ven-
tral (E) and apertural (F) views of incomplete specimen SDN/6 
from bed 14 of Jumara, note trace of uncoiling suggests begin-
ning of body chamber; G-I-Lateral (G), ventral (H) and aper-
tural (I) views of completely septate specimen SDN/10 from bed 
5 of Jara; J-K-Lateral (J) and ventral (K) views of partly pre-
served body chamber specimen SDN/1 from bed 11 of Bajira; 
L-M-Lateral (L) and ventral (K) views of specimen SDN/14 
from bed 5 of Jara. White bar = 2 cm, x means the beginning of 
body whorl.
Figure 14 Lunuloceras lunula (Zieten). A-C-Lateral (A), 
ventral (B) and apertural (C) views of an adult phragmocone 
specimen L/1 from Dhosa oolite bed of Jumara; D-F-Lateral
(D), ventral (E) and apertural (F) views of incomplete specimen 
L/10 from bed 7 of of Jara; G-Lateral view of a partly preserved 
body chamber specimen L/9 from bed 12 of Jumara; H-Lateral
view of a nearly complete specimen L/3 from bed 12 of Jumara, 
note closely spaced secondary ribs on the outer flank. White bar 
=  2 cm, x means the beginning of body whorl.
(1927-1933) forms I have encountered only two species 
of true Hecticoceras and one Kheraites spp., three species 
of Putealiceras, two species of Sublunuloceras, one Lunu-
loceras spp. and one Brightia spp. In Germany hecticocer-
atins are less diverse and are represented by H. hecticum
(Reinecke) and two Jeanneticeras spp. (Schlegelmilch, 
1985).
Spath (1927-1933) described about seven species of 
“Alcidia” that need close scrutiny and might have been 
placed in Oxycerites and he also described one Paralcidia
sp. from the Lower Callovian of Kutch. These Oxycerites
group of genera forming a subclade remain unchanged and 
species-poor in the Lower Callovian but still cosmopolitan 
in distribution. In the Mediterranean and Submediterrane-
an they are represented by four Oxycerites spp. but rarely 
continued in the upper part of the Lower Callovian (Elmi, 
1967; Cariou, 1984). On the other hand, Parent (2006) has 
reported Oxycerites oxynotus from the Middle Callovian 
in the East Pacific.
The hecticoceratin subclade shows a great diversification 
during the Middle Callovian, and Kutch is not an exception 
(Figure 16). In the Mediterranean and Submediterranean 
Province the subfamily Hecticoceratinae is represented by 
82 species under 13 genera (Jeannet, 1951; Zeiss, 1956; 
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Elmi, 1967; Cariou, 1984; Schlegelmilch, 1985) and Kutch 
shows homogeneity in generic distribution; the only excep-
tions are Jeanneticeras and Zieteniceras which are absent 
in the Indo-Madagascan Province. Spath (1927-1933) de-
scribed 19 species under six genera from the Middle Callo-
vian of Kutch. The present author, while revisiting Spath’s
form in the light of sexual dimorphism and intraspecific 
variability distinguished only six genera and 11 biological 
species of which seven species have been dimorphically 
paired. In the Upper Callovian the subfamily Hecticocer-
atinae is consistent with the same generic diversity but 
the genera becomes species-poor. True Hecticoceras are 
totally absent in all faunal provinces; at the same time a 
new genus i.e. Sublunuloceras appeared. In Kutch also the 
generic compositions of hecticoceratins remain the same as 
in the Mediterranean and Submediterranean and Sublunu-
loceras is abundant along with Putealiceras and Brightia.
Parent (2006) has recently described H. (Sublunuloceras)
cf. lairense along with four other hecticoceratins from the 
Upper Callovian of the East Pacific Province. The present 
work also included Spath’s (1927-1933) Sublunuloceras 
lairense but the present species assemblage does not show 
homogeneity with South America and as such the provin-
cial distinctiveness has been reflected in the composition 
of the hecticoceratin community. As in the Mediterranean-
Submediterranean and East Pacific Province, the Indo-
Madagascan Province also shows a sudden fall in diversity 
of hecticoceratins during the later part of the Upper Callo-
vian, and only Sublunuloceras and Brightia continue into 
the Oxfordian.
4 Palaeobiogeographic pattern analy-
sis with respect to Hecticoceratin 
distribution during the Callovian-
Oxfordian
Phylogenetic patterns of hecticoceratin clades were 
used to deduce biogeographic patterns during the Call-
ovian-Oxfordian. Biogeographic patterns in hectico-
ceratin phylogeny was evaluated and synthesized using 
a modified version of Brooks Parsimony Analysis (BPA) 
(Brooks, 1985, 1990; Wiley, 1988a, 1988b; Wiley et al.,
1991). Several authors have described ways to apply cla-
distic approaches to biogeographic analysis, but the most 
prevalent approach is Brooks Parsimony Analysis. BPA 
is the method that currently offers the best prospects for 
application to the extant and fossil biota. In BPA the bio-
geographic patterns inherent in phylogenies are deduced 
by coding geographic distributions of ancestral nodes and 
terminal taxa as character states in a data matrix, where the 
“taxa” are the biogeographic regions of interest. This data 
matrix is then subjected to parsimony analysis. An ances-
tral biogeographic region is used as an outgroup, with all 
taxa treated as primitively absent.
In the present endeavour, BPA was applied in the two 
separate studies with biogeographic states from hectico-
ceratin phylogenies with an established cladograma (Fig-
ure 17; Roy, 2010) coded into two separate data matrices 
following Liberman and Eldredge (1996). First, BPA was 
applied in a vicariance analysis, in which only the biogeo-
graphic states of nodes; terminals that fit the vicariant pat-
Figure 15 Brightia callomoni n. sp. A-F and H-I = [M], G 
and J = [m]. A-Lateral specimen B/2 from Dhosa oolite bed of 
Keera; B-C-Lateral (B) and apertural (C) views of incomplete 
specimen B/1 from Dhosa oolite bed of Keera; D-E-Lateral (D) 
and apertural (E) views of incomplete specimen B/3 from bed 11 
of Keera; F-Lateral view of complete specimen B/4 from bed 11 
of Keera; G-Lateral view of nearly complete specimen B/5 from 
bed 11 of Keera; H-I-Lateral (H) and ventral (E) views of in-
complete specimen B/6 from bed 11 of Keera; J-Lateral view of 
complete specimen B/7 from Dhosa oolite bed of Jumara. White 
bar =  2 cm, x means the beginning of body whorl.
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tern of progressive range contraction and diversification 
were coded into a data matrix. All characters related to 
transformations between ancestral and descendant nodes, 
and between ancestral nodes and descendant terminal taxa, 
involving expansion or change of range, i.e., some forms 
of dispersal, were omitted from this data matrix.
Second, a dispersal analysis was conducted with a data 
matrix constructed by considering those biogeographic 
states of nodes and terminals that fit a pattern of disper-
sal. For each analysis, data matrices were subjected to a 
parsimony analysis using an exhaustive search on PAUP 
(Swofford, 1990). Several steps are needed for coding 
the data matrices. First, the biogeographic states of ter-
minal taxa are mapped onto the phylogenies as given in 
the cladogram (Figure 18). Then the nodes are coded by 
following Fitch optimization (Fitch, 1971), which doesn’t
assume a priori the direction of biogeographic change and 
is best suited since the patterns of area relationships are 
not known beforehand. Data matrices were coded with 
presence in a biogeographic region treated as derived and 
denoted by a 1 or 2, and absence in a biogeographic re-
gion treated as primitive and denoted by a 0 rather than a ?
(see Wiley, 1988a, 1988b for elaboration), following the 
assumption that in this case the fossil record reasonably 
reflects the evolutionary history of the hecticoceratin taxa 
being studied and absence represents true absence. This 
is a reasonable assumption considering the good state of 
preservation of these fossil faunas, as well as the fact that 
they occur in areas that have been intensely sampled by 
palaeontologists.
Table 10 Zonation of Callovian Substages of Kutch and its correlation with zones of Submediterranean Province (after Jana et al.,  2005)
Submediterranean Province Kutch
Zone Subzone Horizon Horizon Subzone Zone
Peltoceras
athleta
Erymnoceras
coronatum
Reineckeia
anceps
Macrocephalites
gracilis
Collotia
collotiformis
Hecticoceras
trezeense
Rehmannia
rota
Erymnoceras
leuthardti
Erymnoceras
baylei
Reineckeia
tyrraniformis
Reineckeia
stubeli
Indosphinctes
patina
Collotia collotiformis
Orinoides pivateaui
Hecticoceras
trezeense
Rehmannia
rota
Collotia
waageni
Erymnoceras
leuthardti
Erymnoceras
baylei
Flabelisphinctes
villanyensis
Rehmannia
reichei
Rehmannia
byensis
Hecticoceras
turgidum
Hecticoceras
bannense
Hecticoceras
kiliani
Nothocephalites
semilaevis
Reineckeia
anceps
Reineckeia
tyrraniformis
Eucycloceras
opis
Idiocycloceras
perisphinctoides
Choffatia
cobra
Indosphinctes
indicus
Collotia
gigantea
Reineckeia
reissi
Subgrossouvria
aberrans
Peltoceras
ponderosum
Peltoceras
ponderosum
Subgrossouvria
aberrans
Reineckeia
reissi
Indosphinctes
indicus
Eucycloceras
opis
Reineckeia
anceps
Nothocephalites
semilaevis
Reineckeia
anceps
Reineckeia
reissi
Macrocephalites
formosus
Peltoceras
ponderosum
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Figure 16 Distribution of subfamily Hecticoceratinae during the Callovian (modified after Hallam, 1975).
Figure 17 The most parsimonious cladogram showing the phy-
logenetic relationship of the subfamily Hecticoceratinae (after 
Roy, 2010).
Figure 18 The phylogeny of the subfamily Hecticoceratinae 
from Roy (2010) with biogeographic states substituted for ter-
minal taxa and mapped onto the ancestral nodes calculated us-
ing Fitch optimization (Fitch, 1971). 1-France; 2-Switzerland;
3-Germany; 4-Israel; 5-India; 6-Iran; 7-South America.
For vicariance analysis, the procedure for coding the 
data matrix, as proposed by Liberman and Eldredge (1996) 
was followed in accordance with typical BPA (Brooks, 
1985; Wiley 1988a, 1988b; but not Brooks, 1990). The 
biogeographic states of nodes and terminal taxa entered 
into a data matrix; transitions between adjacent ancestral-
descendant nodes and between adjacent ancestral nodes 
and terminal taxa that involved progressive range contrac-
tion or vicariance were treated as ordered multi-state char-
acters following Wiley (1988a, 1988b) and Wiley et al.
(1991) (Table 12). For illustrations see Figure 18, where 
the biogeographic states were mapped onto the phylogeny 
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of Hecticoceratinae.
In dispersal analysis, transitions between adjacent 
nodes and between ancestral nodes and terminal taxa that 
involved change or expansion of the range of a lineage 
(that is, dispersal) were treated as ordered multi-state char-
acters, and these transitions, along with all the other nodes 
and terminal taxa, were coded into a data matrix (Table 
13). This analysis is based on the principle that repeated 
patterns of range expansion into the same area provide evi-
dence for geo-dispersal (Liberman and Eldredge, 1996). 
The codings were done in a manner analogous to that in 
the vicariance analysis.
The data matrix emerged from vicariance analysis 
when being put into the parsimony analysis through PAUP 
4b10 (Swofford, 1990), the seven most parsimonious trees 
were produced with tree lengths of 16, c.i. 0.75 and r.i. 
0.82 (Figure 19). The g1 statistic describing tree-length 
frequency distributions was -0.8487, a value significantly 
different from those derived from random data at the 0.01 
level of confidence (Hillis, 1991), implying a strong bio-
geographic signal in the data from our vicariance analysis.
The area cladogram produced by vicariance analysis 
shows that basins of the Sub-Mediterranean Province like 
Switzerland and Germany are closely related to the Kutch 
Basin of Indo-Madagascan Province, and they form a ba-
sal polytomy. The joint area they make up is in turn sister 
to the France Basin. The Indo-Madagascan Province along 
with the Sub-Mediterranean Province together forms a 
group that is sister to the South American Basin of the 
Andean Province. On the other hand the basins of Israel 
and Iran emerged as distinct basins. A bootstrap analysis 
was conducted to assess the relative support for each of the 
nodes that appear in the most parsimonious tree. Whether 
or not all the requirements for rigorous statistical applica-
tion of bootstrap analysis are met (Felsenstein, 1985), it 
can serve as a qualitative demonstration of relative degree 
of support for specific cladogram topologies. One thousand 
replications were employed in a simple step-wise heuris-
tic search that retained groups compatible with the 50%
majority-rule consensus tree. The nodes of the tree dupli-
cated in the bootstrap analysis and their confidence val-
ues are (Switzerland/Germany/India) = 1.0, and (France) 
(Switzerland/Germany/India) (Israel/Iran) = 0.52. These 
bootstrap values indicate that Sub-Mediterranean and In-
do-Madagascan area relationships are strongly supported.
The matrix coded for the dispersal analysis, when sub-
jected to parsimony analysis, yields ten most parsimonious 
trees with a length of 19 steps, c.i. 0.84 and r.i. 0.88 (Far-
ris, 1989; Figure 20). The g1 statistic describing tree length 
frequency distributions was -0.8826, a value significantly 
different from those derived from random data at the 0.01 
level of confidence (Hillis, 1991), implying a strong bio-
geographic signal in the data from our dispersal analysis.
The area cladogram produced by dispersal analysis 
shows that basins of the Sub-Mediterranean Province like 
Switzerland and Germany are closely related with the 
Kutch Basin of the Indo-Madagascan Province, and they 
form a basal polytomy as in the case of vicariance analy-
sis. Here, the joint area they make up is in turn a sister to 
the Mediterranean basins of Israel and Iran where Israel 
and Iran are more closely related. The area cladogram de-
picts that the France basin is a far closer relative of other 
Figure 19 The most parsimonious cladogram showing the area 
relationship predicted by vicariance analysis.
Figure 20 The most parsimonious cladogram showing the area 
relationship predicted by dispersal analysis.
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Sub-Mediterranean, Mediterranean and Indo-Madagas-
can Provinces. The South American Basin of the Andean 
Province is totally different in the dispersal analysis. A 
bootstrap analysis was also performed to assess the rela-
tive support for each of the nodes that appear in the most 
parsimonious tree. Whether or not all the requirements for 
rigorous statistical application of bootstrap analysis are 
met, it can serve as a qualitative demonstration of relative 
degree of support for specific cladogram topologies. One 
thousand replications were employed in a simple step-wise 
heuristic search that retained groups compatible with the 
50% majority-rule consensus tree. The nodes of the tree 
duplicated in the bootstrap analysis and their confidence 
values are similar to vicariance analysis, so the bootstrap 
values also indicate that the Sub-Mediterranean and Indo-
Madagascan area relationships are strongly supported.
5 Discussion
Phylogeny of hecticoceratinae clade has been taken into 
account to evaluate biogeographic patterns of Callovian-
Oxfordian hecticoceratins. Parsimony analysis of vicariant 
palaeobiogeographic data indicate that the Sub-Mediter-
ranean Province is the strongly supported biogeographic 
region for hecticoceratin diversity during the Callovian. 
Basins in France were sisters to the Sub-Mediterranean, 
although less diverse at least during the Middle and Upper 
Callovian. Hecticoceratin phylogeny shows that the genus 
Prohecticoceras was the oldest genus of the Hecticocerati-
nae subfamily (Arkell et al., 1957, Elmi, 1967, Roy et al.,
2007). Prohecticoceras originated during the early Batho-
nian and the propensity of origination location indicates 
as Andean Province (South-western Mexico and Northern 
Chile) which was also regarded as the origin point of the 
Macrocephalitinae and Reineckeiidae (pers. com.; Callo-
mon and Grǎdinaru, 2005). Prohecticoceras was near cos-
mopolitan genus (Hillebrandt, 1970; Sandoval et al., 1990; 
Hillebrandt et al., 1992). The diversity of Prohecticoceras 
continued to the Upper Bathonian and many species have 
been found throughout Europe as well as Chile, Argentina 
(Riccardi et al., 1989, Sandoval et al., 1990) and Indone-
sia (Westermann and Callomon, 1988) and also in India 
(Roy et al., 2007). Both in southern Mexico and northern 
Chile, the upper Lower Callovian Hecticoceras s. str. and 
Hecticoceras (Chanasia) (Riccardi et al., 1988, 1989) are 
present but Middle and Upper Callovian hecticoceratins 
are scarce except the Upper Callovian Hecticoceras (Sub-
lunuloceras) (Parent, 2006). The late Bajocian-early Ba-
thonian Basins of France were well connected through the 
Hispanic Corridor with that of the Andean Province and 
faunal exchange was frequent (Moyne et al., 2004). So, in 
the area cladogram France is a sister to the other Sub-Med-
iterranean Basins of Germany and Switzerland but dur-
ing the Middle-Upper Callovian it became distinct with 
respect to hecticoceratin species. Here is the case where 
BPA shed some light on the vicariant biogeographic rela-
tionships between France and the Andean Province at least 
with respect to the hecticoceratin lineage. The Kutch Ba-
sin of Indo-Madagascan Province is closely related to the 
Basins of Germany and Switzerland, although this faunal 
similarity came into being during the Middle Callovian.
Following Liberman and Eldredge (1996) I would also 
like to refer to the pattern of multiple range expansion of 
taxa in several clades as geo-dispersal. Geo-dispersal is the 
phenomenon where dispersal does not occur by crossing 
of barriers but by the removal of barriers and expansion 
of range of organisms and here areas rather than fragment-
ing, would combine into larger areas. Examination of bio-
geographic patterns in the hecticoceratin phylogeny and 
in the area cladograms from the dispersal, and vicariance 
analyses make it possible to determine if geo-dispersal 
is an important phenomenon in the phylogenetic history 
of these taxa. In several of the componenets in the area 
cladogram identical patterns were produced by dispersal 
and vicariance analyses. In addition, the consensus area 
cladogram produced by both of the above analyses shows 
an almost similar pattern (Figure 21). Congruence in the 
biogeographic patterns indicated by the dispersal and vi-
cariance analyses has interesting implications. For exam-
ple, patterns from the vicariance analysis predict that the 
Sub-Mediterranean Province and Indo-Madagascan Prov-
Figure 21 Strict consensus cladogram showing the area rela-
tionship predicted by both vicariance and dispersal analysis.
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ince share a common recent history to the exclusion of the 
Basins of France (Figure 19). This indicates that there was 
a progressive isolation of the French Basins from the rest 
of the Mediterranean Province. The area cladogram from 
the analysis of dispersal also predicts that, in terms of their 
dispersal history, the Basins of Germany and Switzerland 
along with the Kutch Basin share a sister relationship to 
the exclusion of the Basins of France and all other regions 
(Figure 20). This implies that the closest dispersal rela-
tionship and the most recent shared dispersal history are 
between the Sub-Mediterranean and Indo-Madagascan 
and next most recent shared dispersal history is among the 
Mediterranean, Sub-Mediterranean and Indo-Madagascan 
provinces. Congruence between patterns of dispersal and 
patterns of vicariance indicates that in terms of the hecti-
coceratin clades studied the most recent dispersal history 
corresponds to the most recent vicariant history. There-
fore, the last barriers to come up were the first to fall, 
and under changing geological conditions, the last areas 
to differentiate would be the first to merge. This can be 
explained by relative sea-level rise known to occur dur-
ing the Bajocian-early Bathonian; relative sea-level fall in 
late Bathonian followed by a long term rise which started 
in early Callovian and continued in Oxfordian (Hallam, 
1978, 2001; Haq et al., 1987).
Thus, it appears from the stratigraphic and palaeobio-
geographic distribution pattern, as well as BPA, that im-
mediately after the formation of the Kutch Basin, during 
the early Bathonian relative sea-level rise, immigrant 
faunas of different provinces expanded their range to the 
Kutch sea. European Procerites, Choffatia along with Pro-
hecticoceras invaded the Kutch Basin immediately after 
macrocephalitin taxa reached the Kutch Basin from the 
West Pacific Faunal Province (Roy et al., 2007). Again 
during the late Bathonian-early Callovian sea level fall 
the Kutch basin became isolated and the hecticoceratin 
ammonites developed species level endemicity. From the 
Middle Callovian onwards the Kutch Basin again experi-
enced a relative rise in sea-level (Biswas, 1977, 1991) and 
a simultaneous range expansion of hecticoceratin genera 
especially from the Mediterranean and Sub-Mediterranean 
provinces. So, species level endemicity in hecticoceratin 
Table 12 Biogeographic character states for the modified Brooks Parsimony Analysis (BPA) data matrix coded for vicariance analy-
sis. Ancestor refers to ancestral biogeographic conditions.
Area 1 2 3 4 5 6 7 8 9 1 011
An cesto r 0 0 0 0 0 0 0 0 0 0 0
Fran ce 1 1 0 1 0 1 0 0 0 0 1
Switzerland 1 2 1 1 1 1 1 1 1 1 1
German y 1 2 1 1 1 1 1 1 1 1 1
Israel 0 0 0 1 0 1 0 1 0 1 0
In d ia 1 2 1 1 1 1 1 1 1 1 1
Iran 0 0 0 1 0 1 0 1 0 0 0
South America 1 1 0 0 0 0 0 0 0 0 0
Table 13 Biogeographic character states for the modified Brooks Parsimony Analysis (BPA) data matrix coded for dispersal analysis. 
Ancestor refers to ancestral biogeographic conditions.
Area 1 2 3 4 5 6 7 8 9 1 011
An cesto r 0 0 0 0 0 0 0 0 0 0 0
Fran ce 1 0 0 2 1 2 0 0 0 2 0
Switzerland 1 1 1 1 1 1 1 1 1 1 1
German y 1 1 1 1 0 1 1 1 1 1 1
Israel 0 0 0 2 1 2 0 2 0 0 2
In d ia 1 1 1 1 1 1 1 1 1 1 1
Iran 0 0 0 2 0 2 0 2 0 0 0
South America 1 0 0 0 0 0 0 0 0 0 0
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genera became less distinct during that stage, and it strong-
ly suggests geo-dispersal as a dominant biogeographic pat-
tern during the middle Callovian-Oxfordian.
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